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ABSTRACT 

This  curriculum  guide  is  part  of  a  series  designed  to 
tepch  students  about  diesel  engines.  The  materials  in  this  power  • 
trains  guide  apply  to  both  on-road  and  off-road  vehicles  and  include 
information  about  chain  and  belt  drives  used  in  tractors  and 
combines.  These  instructional  materials,  containing  nine  units,  are 
written  in  terms  of  $tude*nt  performance  using  measurable  objectives. 
Each  instructional  unit  includes  some  or  all  of  the  basic  components 
of  a  unit  of  instruction:  performance  objectives,  suggested 
activities  for, teachers  and  "students ,   information  sheets,  assignment 
sheets,  job  sheets,  visual  aids,  tests,  and  answers  to  the  tests. 
Lessons  are  illustrated  with  industry-gener&t^d  illustrations  and 
units  are  planned  for  morexthan  one  lesson  or  class  period  of 
instruction.  The  nine  units  cover  the  following  topics:  introduction 
to  power  trains,  clutches  and  flywheels,  torque  converters  and  fluid 
drives,  mechanical  transmissions,  automatic  transmissions,  drive 
lines,  differentials  and  final  drives,  power  take-offs,  and  special 
drives.  (KC) 
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FOREWORD 


Power  Trains  is  another  splendid*  example  of  the  ten  Mid-America  Vocational  Curriculum 
Consortium  States  working  together.  Through  its  process  of  assembling  regional  expertise, 
MAWCC  set  out  to  produce  a  curriculum  that  Would  tridy  reflect  contemporary  needs  of  the 
diesel  mechanics  industry.  This  involved  a  rewrite  and  update  of  Diesel  Engine  Mechanics 
first  ^published  in  1977.  The  original  diesel  text  has  been  expanded  to  three:  Diesel  Mechan- 
ics: Fundamentals,  Diesel  Mechanics:  Electrical  Systems,  and  Diesel  Mechanics:  Fvel  Sys- 
tems. MAVCC's  Hydraulics*Was  designed  to  supplement  diesel  training  programs,  and  now, 
Power  Trains  is  available  to  provide  further  continuity  in  student  training. 

«*« 

The  success  of  this  publication  is  due,  in  large  part,  to  the  capabilities  of  the  personnel  who 
worked  with  its  development.  The  technical  writers  have  numerous  years  of  industry  as  well 
as  teaching  experience.  Assisting  them  in  their  efforts  were  representatives  of  each  of  the 
member  states  who  brought  with  them  technical  expertise  and  the  experience  related  to  the 
classroqm  and  to  the  trade.  To  assure  that  the  materials  would  parallel  the  industry  environ- 
ment and  be  accepted  as  a  transportable  basic  teaching  tool,  organizations  and  industry  rep- 
resentatives were  involved  in.  the  developmental  phases  ofjhe  manual.  Appreciation  is  ex- 
tended to  them  for  their  valuable, contributions  to  thetnanual. 

Instructional  materials  in  this  publication  are  written  in  terms  of  student  performance  using 
measurable  objectives.  This  is  an  innovative  approach  to  teaching  that  accents  and  augments 
the  teaching/learning  process.  Criterion  referenced  evaluation  instruments  are  provided  for 
uniform  measurement  of  student  progress.  In  addition  to  evaluating  recall  information, 
teachers  are  encouraged  to  evaluate  the  other  areas  including  process  and  product  as  indi- 
cated at  the  end  of  each  instructional  unit. 

It  is  the  sincere  belief  of  the  MAVCC  personnel  and  all  those  members  who  served  on  the 
committees  that  this  publication  will  allow  the  students  to  become  better  prepared  and 
more  effective  members  of  the  work  force.  .  ^  - 

David  Poaton,  Chairman 
Board  of  Directors 

'         %  •  m  Mid-America  Vocational 

Curriculuno^Consorti'um 


PREFACE 


You  can't  please  everybody  all  of  the  time,  but  Power  Trains  certainly  comes  close.  The  ma- 
terials apply  to  both  on-rqadi.and  off-road  vehicles  with  special  materials  for  PTOs  and  chain 
and  belt  drives  used  in  tractors  and  ^oqjbines.  We  feel  that  instructors  who  have  been  wait- 
ing for  Power  Trains  will  find  the  tfexjt  is  worth  its  "wait"  in  gold. 

MAVCC  is  insistent  that  its  materials  reftejpt  indusjr^.needs  and  industry  standards.  Po^er 
Trains  fulfills  both  requirements  in  the  traditional  easy-to-teach  from,  easy-to-learn  from 
format.  Best  of  afl,  Power  Trains  has  job  sheet  after  job.  sheet  after  job  sheet  for  extensive 
hands-on  student  learning  activity.  And  thanks  to  General  Motors^  Ford,  John  Deere,  Eaton, 
Rockwell  International,  Caterpillar,  and  other  major  manufacturers  of  power  train  compon- 
ents, the  text  has  a  profusion  of  excellent  illustrations  that  will  serve  to  reinforce  and  en- 
hance both  teaching  and  teaming.  L 

We  plan  carefully  and  edit  With  dedication,  but  we're  still  subject  to  typographical  errors 
and  other  possible  errors  in  content.  When  you  take  time  to  call  or  write  us  when  changes  or 
improvements  should  be  rrfade,  that  makes  you  part  of  the  MAVCC  team-we  welcome  criti- 
cism from  instructors  who  use  our  texts.  Your  observations  can  contribute  positively  to  up- 
date and  revision,  and  we  hope  you  keep  ir^touch.  *    '       m  m 

Students  studying  diesel  engines  are  learning  how  to  keep  'em  running.^  Power  Trains  is  here 
to  help  students  learn  to  keep  'em  roll inp.  Have  a  good  trip. 


Ann  Benson 
Executive  Director 
Mid-America  Vocational 
^Curriculum  Consortium 
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IX 


USE  OF  THIS  PUBLICATION 


Instructional  Units 

Power  Trains  includes  nine  units.  Each  instructional  unit  includes  some  or  all  of  the 
basic  components  of  a  unit  of  instruction:  performance  objectives,  suggested  activities  for 
teachers  and  students,  information  sheets,  assignment  sheets,  job  sheets,  visual  aids^T&s^ 
and  answers  to  the  test.  Units  are  p.lanned  for  more  than  one  lesson  or  class  period  of 
instruction.  ^ 

Careful  study  of  each\instructional  unit  by  the  teacher  will.help  to  determine: 


A.  The  amount  of  material,  that  can  be  covered  in  each  class  period 

B.  The  skills  which  must  be  demonstrated 

1.  Supplies  needed  , 

2.  Equipment  needed 

3.  Amount  of  practice  needed 

4.  Amount  of  class  time  needed  for  demonstrations 

Supplementary  materials  such  as -pamphlets  or  filmstrips  that  must  be  ordered 
Resource  people  who  must  be  contacted 


c. 

D. 

Objectives 


Each  unit  of  instruction  is  based  on  performance  objectives.  These  objectiveg  state  the 
goals  of  the  course,  thus  providing  a  sense  of  direction  and  accomplishment  for  the  student, 

PerfoVmance  objectives  are  stated  in  two  forms:  unit  objectives,  stating  the  subject 
matter  to  be  covered  in  a  unit  of  instruction;  and  specific  objectives,  stating  the  student  per- 
formance necessary  to  reach  the  unit  objective. 

Since  the  objectives  of  the  unit  provide  direction  for  the  teaching-learning  process,  it 
is  important  for  the  teacher  and  students  to  have  a  common  understanding  of  the  intent  of 
the  objectives.  A  limited  number  of  performance  terms  have  been  used  in  th6  objectives  for 
this  curriculum  to  assist  in  promoting  the  effectiveness  of  the  communication  among  all 
individuals  using  the  materials.  • 


Following  is  a  list  of  performance  terms  and  their  synqnyms  which  may  have  been  used 
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in  this  material! 

Name 

Identify* 

Describe 

Label 

Select 

Define  - 

List  iq  writing 

Mark 

Discuss  in  writing 

List  orally 

Point  out 

•*  Discuss  oraMy 

Letter 

Pick  out 

Interpret  • 

Record' 

Choose 

Tell  how  t 

Repeat 

Locate 

!  '    Tell  what  - 

Give 

Label  • 

Explain 

.  .o 


Order 

Arrange 

Sequence 

JJs't  in  order 

Classify 

Divide 

Isolate 

Sort 


Distinguish 

Discriminate 

Differentiate 


Construct 
Draw 
Make 
Build 
Design 
'Formulate 
'  Reproduce 
Transcribe 
Reduce 
Increase 
Figure 


Demonstrate 
Show  your  work 
Show  procedure  ( 
Perform  an  experiment 
Perform  the  steps  * 
Operate 
•Remove 
Replace 
Turn  off /on 
(Dis)  assemble 
(Dis)  connect 


Additional  Terms  Used 
Evaluate 
Complete 
Analyze 
Calculate 
Estimate 
Plan  ' 
Observe 
Compare 
Determine 
Perform 


Prepare  * 

Make 

Read 

Tell 

Teg,ch 

Converse 

Lead 

State 

Write  ■ 


Reading  of  the  objectives  by  the  student  should  be  followed  by  a  class  discussion  to 
answer  any  questions  concerning  performance  requirements  for  each  instructional  unit. 

Teachers  should  feel  free  to  add  objectives  whict)  will  fit  the  material  to  the  needs  of 
the  students  and  community.  When  teachers  add  objectives,  they  should  remember  to 
supply  the  needed  information,  assignment  and/or  job  sheets,  and  criterion  tests. 

Suggested  Activities  for  the  Instructor: 

'  I 

Each  unit  of  instruction  has!  a  suggested  activities  sheet  outlining  steps  to  folloyv  in 
accomplishing  specific  objectives.  Duties  of  instructors  will  v^ry  according  tojthe  particular 
unit;  however,  for  best  use  of  the  material  they  should  include  the  following:  provide 
students  with  objective  Sheet,  information  sheet,  assignment  sheets,  and  job  sheets;  preview 
filmstrips,  make  transparencies,  apd  arrange  for  resource  materials  and  people;  discuss  unit 
and  specific  objectives  and  information  sheet;  give  test.  Teachers  are  encouraged  to  use  any 
additional  instructional  activities  and  teaching  me.thods  to  aid  students  in  accomplishing  the 
objectives.  * 

Information  Sheets  „  „ 

i  "  '  . 

Information  sheets  provide  content  essential  for  meeting  the  cognitive  (knowledge)  ob- 
jectives in  the  unit.  The  teacherj  will  find  that  the  information  sheets  serve  as  an  excellent 
guide  for  presenting  the  background  knowledge  necessary  to  develop  the  skill  specified  in 
the  ijnit  objective.  '*  j 

Students  should  read  the  information  sheets  before  the  information  is  discussed  in 
classu  Students  may  take  additional  notes  on  the  information  sheets.  * 
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Transparency  Masters 


Transparency  masters  provide  information  in*a  special*  way.'  The  students  may  see  as 
well  a?  hear  the  material  being  presented,  thus  reinforcing  the  learning  process.  Transparen- 
cies may  present  new  information  or  they  may  reinforce  information  presented  in  the  in- 
formation sheets.  They  are  particularly  effective  when  identification  is  necessary. 

Transparencies  should.be  made  and  placed  in  th$  notebook  where  they  will  be  imme- 
diately available  for  use.  Transparencies. direct  the  class's  attention  to  the  topk  of  discus- 
sion. They  should  be  left  on  the  screen  only  when  topics  shown  are  under  discussion. 

Job  Sheets 

'Job  sheets  are  an  important  segment  of  each  unit.  The  instructor  should  be  able  to 
and  in  most  situations  should  demonstrate  the  skills  outlined' in  the  job  sheets.  Procedures 
outlined  in  the  job  sheets  give  direction  to  the  skill  being  taught  and  allow  both  student  and 
teacher  tcx^heck  student  progress  toward  the  accomplishment  of  the  skill,  Job  sheets 
provide  a  re)ady  outline  for  students  to  follow  if  they  have  missed  a  demonstration.  Job 
sheets  also  uKpish  potential  employers  with  a  picture  of  the  skills  being  taught  and  the 
performances  which  mi?jht  reasonably  be  expected  from  a  person  who  has  had  this  traming. 

♦ 

> 

Assignment  Sheets 

Assignment  sheets  give  direction  to  study  and  furnish  practice  for  paper  and  pencil 
activities  to  develop  the  knowledges  which  are  necessary  prerequisites  to  skill  development. 
These  may  be  given  to  the  student  for  compietion'in  class  or  used  for  homework  assign- 
ments. Answer  sheets  are  provided  which  may  be  used  by  the  student  ancVor  teacher  for 
checking  student  progress.  »  '  ^  ^ 

Test  and  Evaluation  * 

Paper-pencil  and  performance  tests  tiave  been  constructed  to  measure  student  achieve- 
ment of  each  objective  listed  in  the  unit  of  instruction.  Individual  test  items  may  be  pulled 
out  and  used  as  a  short  test  ^determine  student  achievement  of  a  particular  objective.  This 
kind  of  testing  may  be  used  as  a  daily  quiz  and  will  help  the  teacher  spot  difficulties  being 
edtountered  by  students  in  their  efforts  to  accomplish  the  unit  objective.  Test  items  for  ob- 
jectives added  by  the  teacher  should  be  constructed  anpl  added  to  the  test.  * 

< 

Test  Answers  ^   .  _ 

*  *    ■  * 

Test  answers  are  provided  for  each  unit.   These  may  be  used  by  the  teacher  and/or 

student  for  checking  student  achievement  of  the  objectives.  . 

.  ■  '  .   .  \ 
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POWER  TRAINS, 
INSTRUCTIONAL/TASK  ANALYSIS  ( 


JOB  TRAINING:  What  the  • 
Worker  Should  Be  AbfeTo.Do 
(Psychomotor) 


RELATED  INFORMATION: 
What  the  Worker  Should  Know 
(Cognitive) 


UNIT  f:  INTRODUCTION  TO  POWER  TRAINS 


9.  Calculatejgear  ratio 

10.  Calculate  gear  rotation 
» 

11.  Calculate  gear  speed 


1.  Terms    and  definitions 

•  * 

2.  Basic  components  of  a 
power  train   and  their 

-  '  functions 

3.  Sequence  for  the  trans- 
mission of  power  through 
a  power  train 

47~~Working  applications  of 
power  trains 

5.  Types  of  gears  found  in 
power  trains 

6.  Formula  fqf  calculating 
*    gear  ratios 

7.  How  to  determine  g'ear 
rotation 

8.  Formula  for  calculating 
.  •  gear  speed 
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JOB  TRAINING:  Whatthe 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION: 
What  ^Worker  Should  Know 
(Cognitive). 


UNIT  II:  CLUTCHES  AND  FLYWHEELS 


1.  Terms    and  definitions 

2.  Components  of  a  basic 
clutch  assembly 

3.  Parts  of  a  flywheel 

'4.   Functions  of  a  flywheel 

5.  Parts  of  a  dry^type  disc 
clutch 

^  6.  Types  of  clutches  and 
*  their  descriptions 

7.  Typ6s  of  pressure  plates 

8.  Difference  between  a  dis- 
engaged and  an  engaged 
clutch 

'9.  Clutch   linkage  mechan- 
isms and  their  functions 

VQ.  .Cqraitio^to  took  for. 
during  ctutch  inspection 


11.  Symptoms    that  o.ccur^ 
when  a  clutch  housing 
bore  has  excessive  runout 


1,4.  Adjust  clutch  linkage  free  travel 

15.  Adjust  free  travel  on  a  pult  type 
clutch 


12.  Clutch  malfunctions  and 
probable  causes 

13.  Purposes  of  a  dual  disc 
clutch' 


1 6.  Remove  a  clutch  assembly  , 
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JOB  TRAINING:  What  the^ 
.  Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION: 
What/the  WorkerShould  Know 
•  (Cognitive) 


17.  Inspect  a  clutcH  disc 

i 

18.  Check  a  clutch  housing  alignment 

19.  Inspect  a  pressure  plate  and  cover 

20.  Inspect  a  pilot  bearing  and 
pj  lot  bushing 

21.  Reinstall  a  clutch  assembly 

22.  Remove,  inspect,  repair,  and 
reinstall  a  15  1/2-inch  dual  . 
disc  clutch  ^ 

23/  Disassemble,  inspect,  and 

reassemble  a  hydraulic  (wet-type) 
clutch 

24.  Check  flywheel  runout 

"  25.  Remove  ^nd' replace  a  flywheel 
ring  gear  , 


UNIT  III:  TORQUE  CONVERTERS  AND  FLUID^DRIVES  . 


1.  Terms    and  definitions 

2.  How  a  basic  fluid  coupling 
works  f 

3.  Parts  of  a  torque  con- 
verter 


il 


4.  Torque  converter  parts 
and  their  functions  . 

5.  Types  of  "fluid  flqyv  in 
•torque  converters  and 
their  characteristics 

6.  Operation  of  a  twin-itur- 
bine  torque  converter 

7.  Operation  of  a  lockup 
clutch  converter 
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JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION: 
What  theWorkerShould  Know 
(Cognitive) 


8.  Drain  and  refill  a  torque  converter , 

9.  Check  for  oil  leaks  * 
1 0.  Test  a  torque  converter 


UNIT  IV:  MECHNICALTRANSMISSIONS 


\ 


1.  Terms    and  definitions 

2.  Types  of  mechanical 
transmissions 

3.  Parts  of  a  sliding  gear 
transmission 

4.  Parts  of  a  sliding  clutch 
transmission  Jop  shaft 

5.  Parts  of  a  front  section 
countershaft 

6.  Parts  of  a  transmission 
front  section  case  with 
clutch  .housing 

7.  Parts  of  an  auxiliary  sec-" 
tion'of  a  tGn  speed  trans- 
mission 

8.  -  Parts  of  a  shift  lever 
housing  and  reverse  stop 
plunger 

9.  Parts  of  a  shift  bar  hous- 
ing 

•  10.  Parts  of  a  remote  shift 
*  control  assembly 

11.  Air  flow  for  range  shift- 
ing 
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XVIII 


X 


JOB  TRAINING:  Whatthe 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION: 
What  the  Worker  ShoiHd  Know 
(Cognitive^ 


12.  Indicate  air  flow  jn  airlines  I 
.    for  range  shifting'   ^         -  I 

13.  '  Check -a  mechanical  transmission 
.  fluid  level 

14.  Remove  and  disassemble  a 
mechanical  transmission 

15.  Inspect  transmission  parts 

16.  Reassemble  a  mechanical  transmission 


17.  Disassemble  a  shifting  bar- 
•  hogsing 

1 8..  I  nspect  a  shifting  bar  housing 
and  parts 

19*.  "Reassemble a  shifting  bar 

housing  § 

20.  Install  a  mechanicaljransmission 

2 1 .  Test  a  mechanical  transmission  after 
rebuilding 


UNITV:  AUJOMATIC  TRANSMISSIONS 


16 


#1.  Terms    and  definitions 

2.  Major  parts  of  an  auto- 
matic transmission 

3. \  Steps  in  oil  pump  and 
"regulating  valve  operation 


4.  Low  range,  high  range, 
and  reverse  range  func-' 
'tions  in /an  automatic 
transmission 

5.  Characteristics  of  auto- 
matic transmission  fluid 

6.  Procedure  for  properly 
checking  automatic  trans- 
mission fluid 
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XIX 


JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


FrELATED  INFORMATION: 
What  the  Worker  Should  Kn'ow 
(Cognitive) 


\ 


18.   Remove  an  automatic  transmission 
-  ■  from  a  vehicle 

19:  Disassemble  an  automatic  trans- 
mission into  subassemblies 


7. 
8. 

f  9. 
10. 


w  11. 

13. 
14. 

15. 
16. 


In-vehicle  transmission 
tests  and  their  functions 

"Parts  of  a  planetary  gear 
system  % 

Planetary  gear  system  op- 
eration ' 

Speed,  torque,  and  dir- 
ectional functions  of  an 
automatic  transmission 
'and  ways  they  are  ac- 
complished 

Tools  and  equipment  re- 
quired   for  automatic 
.  transmission  overhaul 

*Parts  normally  replaced 
at  each  automatic  trans- 
mission overhaul 

Important  elements  of 
cleaning  3nd  inspection 

Special  considerations  for 
bearing    inspection  and 
-handling 

Transmission  components 
and  their  inspection  re- 
quirements 

Make-ready  procedures* 
for  removing  or  installing 
an  automatic  transmis- 
sion 


17.  General  rules  for  deter- 
mining whether  to  reuse 
or  replace  a  part 
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JOB'TRAINING: -What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 

20.  .Check  end  play  on  a  torque  converter  . 
-  assembly 

21/  Disassemble,  clean,  arid  inspect  a  torque 
converter  assembly  , 


.22,  Rebuild  a  stator  assembly 


23*   Reassemble  a  torque  converter  assembly 

24.  Disassemble,  clean,  inspect,  and  reas- 
semble a. modulated  lockup  valve  as- 
sembly 

25.,  Disassemble,  clean,  inspect,  and  reas* 
semble  a  low  shift  valve  assembly 

261  Disassemble,  clean,  inspect,  and  reassemble 
v  a  control  valve  body  assembly 

27.  *  Disassemble,  cldan,  inspect,  and  reassemble 
,  an  oi)  pump  and  frocit  support  assembly 

28.  Disassemble,  clean,  inspect,  and  reassemble  a 
forward  clutch  and  turbine  shaft 

* 

29.  Disassemble,  clean,  inspect,  and  reassemble' 
a  fourth  clutch 

30.  *    Disassemble,  clean,  inspect,  and  reassemble 

*  a  center  support  assembly   ^  , 

,  31.   Disassemble,  clean,  inspect,  and  reassemble 
a  gear  unit  and  main  shaft  assembly 

32.  Disassemble,  clean,  inspect,  and  reassemble  . 

•  an  output  shaft 

33.  Disassemble,  clean,  jnspeqt,  and  reassemble 
*  a  rea  r  cover  assemb  I Y 1 

34.  Disassemble,  clean,  .inspect;  and  reassemble 
an  adapter.housing  and  first  clutch  piston 

35.  Disassemble,  clean,  inspect,  arid  reassemble 
a  transmission  housing  • 

jb  * 

36.  Reassemble  an  automatic  transmission 

«  ■  1K 


RELATED  INFORMATION: 
Whatf  the  Worker  Should  Know 
(Cognitive) 


JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor)  . 


RELATED  INFORMATION: 
Whafthe  Worker  Should-Know. 
_  (Cognitive) 


37.  Install  an  automatic  transmission, 

38.  Test  an  automatic  transmission 

39.  Make  shift  speed  adjustments  on  an  auto- 
matic transmission 


•  UNIT  VI:  DRIVE  LINES 


.11.  R&mive  and  replace  a 
propeller  shaft  " 

12.  Disassemble,  inspect,  and 
reasserpble  a  U-joint  with 
bolted  end 


l.  Terms    and  definitions 

,2.  Two  charactetistips  of  a 
hot^hkiss  drive     V.  , 

3.  Typ^s.  of  propeller  Rafts' 

,4,  Parts  ^f  a  propeller  sftaft 
'  with' sjjift- yoke, 

5;  Parts;.;  of  p\ center  bearing 

6.  ,diff^renc6  .between  con- 
stant yel^qity-  and  crbss 
end  roller  Urjoints   I  ] 

7.  , Parts  q{  across  and  roller 

U-joint  ; 
'  *      /'  ?• 

8.  /feints  on-d  drive  train  to 

check  qomponent  angles 

'  9,  Acceferatiprt-deceleration 
'  of  propeller  shaft  with 
carcJonlU-joints 

10,  Problems  ^causing  drive 
line  noise  or  .  vibration 


JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  •  INFORMATION: 
What  the  Worker  Should  Know 
(Cognitive) 


13.  Remove  and  replace  a  cross  and 
t  roHer  U-joint 


Align  and  time»a  telescoping 
drive  line 


14. 

15.  fca  lance  a  propeller  shaft 


UNIT  VI 


DIFFERENTIALS  AND  FINAL  DRIVES 

m 

1.  Terms    dnd  definitions 


2.  Types  of  differentials  and 
•  finaf  drives  and  their  def: 

initions 

3.  Parts  of  -a  gear  tooth 

4.  Methods  used  to  evaluate 
gear  tooth  contact  paty 
terns  •  I 

5.  Parts  of  a  differential 

6.  , Parts  gf  a^D lan eta ry  gear- 
(  set   «  £* 

7.  Planetary   gearset  ^com- 
/  ponents  and  their  charac- 
f  teristiqs 

j  8.  Types  of  differential  locks 

Purposes  of  a  power  div- 
ider 

asic  parts  of  a  power 
divider 


11.  Shifting  mechanisms  and 
theirvdescriptions 

1 2.  Diffei/ence  between 
and  compression 

tngs 
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JOB  TRAINING:  Whatthe 
Worker  Should  Be,  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION: 
What  the  WorkerShould  Know 
,  (Cognitive)'  { 


13.  Remove  a  differential  assembly 

14..  Disassemble  a  differential  case 
and  gear  assembly 

15.  Clean  ^nd  fnspect  a  differential 
caseimd  gear  assembly 

1 6.  Adjust  drive  pinion  bearing  preload 

17.  Reassemble  a  differential  case  and 
gear  assembly 

18.  Adjust-djfferential  bearing  preload;' 
check  gear  backlash'and  tooth  contact 
pattern 

» 

19.  Install  differential  assembly  in  diff- 
erential housing 

20.  Remove;  repair,  and  reassemble  a 
differential  earner  and  power  divider 
assembly 

-  21 .  Disassemble  a  planetary  gear  assembJy 
outer  ends 

c 

22-  Clean  and  inspect  parts  of  a  planetary 
axle 

23:  Reassemble  a  planetary  gear  bearing' 
preload 

24.  Adjust  a  planetary  gear  assembly 

25.  Perform  oreventive  maintenance  on 
differential  ancj  final  drives 

26.  Assemble  air  line,with  reusable  fitting 
(flared) . 

27. .'Assemble  air  line  vfrith  compression- 
fittings 


1 
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XXIV 


JOB  TRAINING:  What  the 
Worker  Should  Be  Abl^  to  Do 
(Psychomotor) 


'RELATED  INFORMATION: 
What  the  WorkerShould  Know 
(Cognitive) 


UNIT  VIII:  POV\(ER  TAKE-OFFS' 


1.  Terms    and  definitions 

2.  Safe  operation  of  PTOs 

3.  Three  types  of  PTO 
guards  and  shields 

4.  Three  types  of  PTO  sys- 
tems * 

5.  ASA£-SAE  standards  "for." 
tractor  PTO  drives 

6.  *  Complaints   and  causes 

for  noiseTft^at,  and  vibra- 
tion  in  *  transmission- 
mounted 'PTOs 

7.  Troubleshooting  ■  PTOs 
*  for  poor  work  rate 

"8.  .Complaints  and  causes 
for  external  .oil  leaks  in 
PTOs  • 

9,  Troubleshooting'  \  PTOs 
for  hard  shifting  * 

10.  Troubleshooting  PTOs 
for  jumping  out  of  gear 

11.  Troubleshooting  power 
shift  PTOs  ' 

12.  Parts,  of  a  two-gear,  one* 
speed  PtO  >  . 

\  i  ' 

13.  ^dmpoofihts  of  hydraplic 
%  and  elecwic  circuits  in*  a 

power  shjjrt  PTO 

14.  Parts  of  a  PTO  air  shift 
system 


JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


RELATED  INFORMATION: 
What  theWorkerShould  Know 
(Cognitive) 


18.  Install  a  transmission-mounted 
.   '  t^ower  take-off 


15.  > Shifter  covers  for  trans- 

mission-mounted PTOs 

16.  Procedures  for  lubricating 
PTO  systems 

17.  Questions  that  are  rele- 
vant when  selecting  the 
proper  PTO 


UNIT  IX:  SPECIAL  DRIVES^ 


1 .  Terms    and  definitions 

2.  Three   types  ■  of  chain 
*  drives 

'3.   Detachable-line  chains 

4.  *  Roller  chains 

5.  Silerft  chains 

6.  'Characteristics  of  detach-' 
, able-link  chains 

7.  Characteristics  ofstandard 
pitch  roller  chains  , 

8.  Characteristics  of  double 
pitch  roller  chains 

j 

9.  Characteristics  of  silent 
chains 

10.  Principles  of  chain  drives 

1 1 .  AfjQnment   of  sprocket 
shafts  and  sprockets 

12.  Adjustment  pf  chain  ten- 
sion 

13.  Methods,    of  adjusting 
chain  tension 
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JOB  TRAINING:  Whktthe 
Wprker  Should  Be  Able  to  Do 
|    (Psychomotor)  j 


RELATED  INFORMATION: 
What  theWorkerShould  Know 
(Cognitive) 


14.  Parts  of  a  chain  sprocket 
'15. '  Stretch'ed  chain 

16.  Lubrication  of  chains, 

17.  Methods   of  lubricating 
-chains 

>18.  Repair  of  chain  drives 
>9.  Cleaning  chains 

20.  Three  '  types    of  belts 

21.  Factors  governing  the  a- 
bility  of  belts  to  transmit 
power 

'22.  Three  forms  of  Belt  drive 
arrangements 

23.  Measurements  of  belt  sec- 
tions used  on  combines 

24.  Adjustable  pulleys  - 

25.  How  to  determine  the 
length   of   a  flat  belt 

26.  Mow-  to  determine  the 
jen'gth  of  a  \Ab^lt 

27.  How  to  determine  pulley 
sizes  and  speeds 

28.  Belt  tension 

2^<  Belt  ^care  and  mainten- 
ance 

30.  Maintenance  ,  of  pulleys 
and  sheaves  ' 

31.  Types  of  gfear  drives  and 
theinjses 

32.  Methods  of  lubricating 
gears  ^ 
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JOB  TRAINING:  iA/haj  the 
Worker  Should  ^Able  to  Do 
v  (Psychomotor) 


RELATED  INFORMATION: 
What  the  Worker  Should  Know 
/  (Cognitive) 


33.  Gear  backlash 

34.  Types  of  reciprocating 
drives* and  their  charac- 
teristics. 

35.  Maintenance  .of  recipro- 
cating drives  * 

36.  Hydrostatic  drives  and 
their  characteristics 

37.  Reversing  Hydrostatic 
drives  * 

.    '    •  I 

38.  Maintenance  of  hydro- 
static  drives 

39.  Testing  hydrostatic  drives 

40.  Functions  of  a  safety  re- 
lease mechanism 

41.  Types  of  safety  release 
mechanisms  and  their  de- 
scriptions 

42.  Maintenace  x>f  safety 
mechanisms 


1  43.   Compute  the  length  of  a  flat 
belt       '  - 


44.  Compute  the  length  of  a  V-belt 

45.  Trbubleshoot  chain  drives 

46.  Troubleshoot  belt  drives 

47.  Troubleshoot  gear  drives 

48.  Troubleshoot  hydrostatic 
drives 

49.  Troubleshoot  safety 
mechanisms 
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POWER  TRAINS 
TOOLS  AND  MATERIALS 


The  follpwing  is  an  alphabetized  list  of  tools  recommended  for  completing  the  job  sheets 
in  Power  Trains;  manufacturers'  service  manuals.should  be  consulted  for  specific  tool  num- 
bers. 


'Adjustable  work  table 

Adjusting  ring  tool  . 

Air  blow  gun 

Air  h.oses 

Air  nozzles 
•Alignment  bolts 

Aligning  toot  of  old  transmission 
drive  gear 

Approved  cleaning  fluid 

Base  plate  and  top  plate 

Basic  hand  tools 

Battery  cable  pliers 

Bearing  and  gear  remover  with  drive 
handle' 

Bearing  installer  and  drive  handle 
Bearing  puller         •  , 
Belt  tension  gauge       s ' 
Blue  safety  tag 

Bolts  ahd  rubber-covered  washers  « 
Bushing  installer 
Brass  punch 
Centering  band 

Centef'support  Ijfter  M 
Chain  hQist 

Chalk,  crayon,  or  pencil  * 
Chock  biocks 

Clean  transmission  fluid  ' 

Cleaning  solvent  ( 

Clean  shop  towels  • 

Clearance  gauges  for  first,- second, 
third,  ahd  fourth  clutches 

Clutch:adjustment  too) 

Clutch  disc  alignment  tool 

Compressed  air  supply- 
Compressor,  compressor  base,  and  base 
screw   '  1 

Converter  end  play  gauge  v 
.Converter  I6ak  detector 
"  Creeper 

Deep  socket  set,  1/2"  drive 

Depth  micrometer 

Dial  indicator  J 

Differential  jack 

Differential  repair  stand    •  \\ 
Drain  p^n 


Drill,  3/8u 

Drive  gear  bearing, driver 
Drive  pinion  flange  puller 
Droplight 

■  Dust  shield  installer 
'  tngine  support  stand 

Feeler  gauge  ,  /  , 

Fixture  stand 

Flaring  tool 

Floor  jack 

Forward  clutph  clearance  gauage 
Front  support  lifter    •    •      "  v  , 
Funnel      •  fC 
Gear  unit  lifter 

Guide  bolts  and  headless  guide  screws 
'Guide  studs,  7/16" >5"  long  . 

Hand, tachometer  "  * 
*  High  pressure  oil  gauges 

High-temperature  lubricant 

High-temperature  sealer 

Hoist 

Holding  plate  and  holding  fixture 
Hose  cjamp 
Hydraulic  flow  meter 
Hydraulic  press,  5-ton 
Inch-pound  spring  scale 
NJack  stapds 

„  Large  inside  snap  ring  pliers 
Large  outside  snap  ring  pliers, 
Lockup  spring  compressor  ' 
Marking  compound 
Maul 

.Measuring  tape  * 

Medium  needle-point  snap  ring  pliers 

New  carrier  and  cover  gaskets 

New  converter  pump  flange  bolts  - 

New  converter  pump  gasket       •  ,  ^ 

New  gasket  for  valve  adapter 

New  lockstrips,  four 

New  3/8-16  x  2  1/4"  selMocking  bolt 

Snd  washer 
Nonhardening  sealer 
Nylon  fittings 
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Oil  seal  installer  and  driver  handle 
Oil-Soluble  grease 
Output  shaft  lifting  tool 
Output  shaft  oil  seal  and  dust  shield 

remover  assembly 
Output  shaft  oil  seal  puller 

*  Paint 

Parts  cleaning  brush 
Piece  of  2  x  4 
Pilot  bearing  remover 
Pilot  shaft 

Plastic  .bag  or,  plastic  wrap 

Plug  installer 

Press 

Pressure-gauge 
Pry  bar 
Pull  scale 

Rear  bearing  installer 

Roll  of  copper  tubing 

Roll  of  soft  wire 

Rear  seal  installer  \ 

Retaining  bolt,  5/8-1 1  ,x  3.25" 

Ring  gear  rivet  fixture  for  press 
^JSivet  remover  pin 

Rubber  band  or  soft  wire 

Rubber  mallets  4: 
.  Safety  glasses  *v' 

Seal  drivers 

Selector  shaft  seal  installer 
Selector  shaft  seal  remover 
Self-locking  anchor  bolt 

*  Shop  towels 
Slidehammer 
Small  bearing  puller 
Small  paint  brush 

Small  strips  of  steel  for  weight 
Snap  ring  gauge 
Socket-head  bolts  as  required 
Socket  set,  3/4"  drive' 
Socket  set,  1/2"  drive 
Soft  hammer 
Solvent 

Solvent  container 
Spirit  level  protractor  or 

magnetic  base  protractor 
Spring  compressor  anckuompressor  * 

base  T      *    ;  v 

Stake  tool  * 
Stator  roller  retainer 
Steam  supply 
Steel  shim  Stock 


Straightedge 

Stud  driver  ,  ^  «• 

Test' tachometer 
Thickness  gauge 
Three-strand  lifting  sling  * 
Torque  converter  lifter 
Torque  converter  retaining 
strap 

Torque  wrench  adapter 
Torque  wrenches,  inch-pounjl, 
,  100  foot-pound,  and  1000  * 
foot-pound 
Transmission  jack 

Transmission  overhaul  stand 
Tubing  cutter  i 
Tubing,  2  1/2"  Od 
Vacuum  gauge 
Valve  pin  installer 
Vglve  pin  remover  .  ^ 
Valve  spring  compressor  • 
Washer-head    screws   as'  required 
*  Welding    equipment   as  required 
Wood  blocks 

Work  bench  with  vise  , 


On 
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INTRODUCTION  TO  POWER  TRAINS 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be*able  to  identify  the  basic  parts  of  a 
power  train  and  discuss  how  power  is  transmitted  through  the  power  train.  The  student 
should  also  be  able  to  identify  types  of  gears  and  calculate  gear  ratio,  rotation,  and  gear 
speed.  This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures  outlined  '\n 
the  assignment  sheets  and  by  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to; 

1.  Match  terms  related  to.power  trains  with  their  correct  definitions. 

2.  Match  the  basic  components  of  a  power  train  with  their  functions. 

\ 

3.  Arrange  in  order'the  sequence  for  the 'transmission  of  power  through  a  power 
-  train.  '  *  * 

s  • 

4.  Select  working  applications  of  power  trains. 
,        5.  Select  types  of  drives  found  in  power  trains. 

6.  Identify  types  of  gears  found  in  power  trains. 

7.  Solve.problems  using  the  formula  for  calculating  gear  ratios. 

8.  Solve  problems  concerning  how  to  determine  gear  rotation. . 

9.  Solve  problems  using  the  formula  for  calculating  gear  speed. 
10.  Demonstrate  the  ability  to: 

a.  Calculate  gear  ratio. 

b.  Calculate  §ear  rotation.  '  ; 

c.  Calculate  gear  speed. 
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INTRODUCTION  TO  POWER  TRAINS 
\  UNIT  I 

SUGGESTED  ACTIVITIES 

Provide  student  with  objective  sheet. 

Provide  student  with  information  and  assignment  sheets. 

Make  transparencies. 

Discuss  unit  and  specific  objectives. 

Discuss  information  and  assignment  sheets. 
r  * 

Have  students  make  posters  for  formulas  on  gear  ratio,  rotation,  and  R.P.M.  pf 
gears. 

Take  students  -on  a  field  trip  to  a  manufacturer  of  power  train  components. 

H*/e  a  mechanic  or  speaker  from  industry  come  in  to  talk  to  students  about 
power  trains. 

Find  films  and  charts  showing  different  power  train  components. 
Give  test. 

INSTRUCTIONAL  MATERIALS  -  . 

Included  in  this  unit: 

A.  Objective  sheet 

♦ 

B.  Information  sheet  -  ) 

C.  Transparency  masters 

1.  TM  1 -Basic  Power  Train  Components 

2.  TM  2--Types  of  Gears 

3.  TM  3- How  G6ars  Change  Direction  of'Rotation 

4.  TM  4-How  Gears  are  Used  to  Change  Speed. 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1--Calculate  Gear  Ratio 

2.  Assignment  Sheet  #2--Calculate  Gear  Rotation 

3.  Assignment  Sheet  #3- Calculate  Gear  Speed 


E.  Answers  to  assignment  sheets 

F.  Test 

G.  ,  Answers  to  test 
References: 

A.  Fundamentals  of  Service:  Power  Trains.  Moline,  IL  61265:  John  Deere 
Service  Publications,  Dept.  F,  1972. 

B.  Service  Manuals- RT  Series.  Kalamazoo,  Ml  49007:  Eaton  Corporation, 
Transmission  Division,  1974. 

C.  Truck  Axles,  Parts  Book  EA-107.  Henderson,  KY  42420;  Eaton  Corpor- 
ation, 1974. 

D.  Spicer  50-60  Series,  5-Speed  Transmission  Service  Manual.  Toledo,  OH 
43696:  Dana  Corporation,  1978. 

E.  Truck  Talk\  Chicago,  I L  60611:  International  Harvester  Co.,  1977. 

F.  Guynes,  Bill.  Diesel  Mechanics:    Fundamentals.  Stillwater,  OK  740^4: 
Mid-AmericaVocational  CurriculumConsortium  ?MAVCC),  1982. 

(NOTE:  Tbe  above  reference,  especially  Section  B,-  Units  V  and  VI,  is  a 
good  source  for  information  on  seals  and  bearings.  Oge  should  also  check 
various  manufacturers'  specifications.) 
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INTRODUCTION  TO  POWER  TRAINS 
UNIT  I 


INFORMATION  SHEET* 


Terms  and  definitions 

A.  Power  train-Revolving  components  involved  in  the  transmission  of  power 
from  the  engine  to  the  drive  wheels 

B.  Gear  ratio-The  number  of  revolutions  the  driving  gear  must.make  to  turn 
the  driven  gear  one  revolution 

C.  Torque-A  turning  or  twjsting  force 

D.  Backlash-The  clearance  or  play  between  two  'gears  in  mesh 

E.  Endplay-End-to-eYid  movement  in  a  gear  shaft  due  to  bearing  clearances 

F.  Preload-Adjustment  of  antifriction  bearings  so  that  they  are  under  mild" 
pressure;  tested  by  the  amount  of  torque  in  inch  pounds  required  to  turn  the 
shaft  ^  * 

G.  Gear  reduction-A  combination  of  gears  used  to  reduce  the  input  -speed 
to  a  lower  output  speed 

H.  Constant  mesh-Geafs  that  are  always  in  mesh  with  each  other 

I.  -  Splines-Multiple  keys  in  the  general  form  of  internal  and  external  gear  teeth, 

used  to  prevent  rotation  of  a  shaft 

J.  Auxiliary  transmission-^  unit  mounted  behind  the  main  transmission  to 
provide  supplemental  gearirST^ 

(NOTE:  This  .provides  greater  reduction,  closer  splits,  or  an  overdrive.) 
Basic  components  of  a  power  tr^in  and  their  functions  (Transparency  1) 

A.  Flywheel-A  rotating  metal  disc  on  the  rear  end  of  a  crankshaft  designed  to 
evenout  power  surges  during  power  strokes  and  deliver  energy  back  during 
other  strokes 

B.  Clutch-A  device  that  connects  pr' disconnects  a  power  source  from  the 
part  it  operates  .to  pravjde  £  smooth  transmission  of  torque  to  working 

•  parts  in  movement  ^  / 

C.  Transmission-A  device  in  a  power  train  that  increases  torque  by  changing 
gear  ratios,  permitting  a  vehicle  tojnove  atyarying  speeds  in  both  forward, 
and  reverse 

D.  Drive  line-Components  that  transmit  torque  from  the  transmission  to 
the  differential;  made  up  of  one  or  more,  drive  shafts  with  universal  and  slip 
joints'  - 


INFORMATION  SHEET 

E.  Dlfferential-A  mechanism  that  drives  both  rear  wheels  at  the  same  time  but 
permits  the  wheels  to  turn  at  different  speeds  so  the  vehicle  can  turn  corners 

F.  Final  drive-The  last  phase  of  a  power  train;  *it  gives  final  reduction  in  speed 
and  increase  in  torque  to  the  dnve'wheels 

Sequence  for  the  transmissiorvof  power  through  a  power  tfain  (Transparency  1) 

A.  Power  from  engine  is  transmitted  to  flywheel 

B.  Clutch  is  bolted  to  flywheel  to  send  power  to  transmission 

C.  Power  is  transmitted  from  clutch  through  transmission  at  various  speeds 

D.  The  power  comes  out  of  transmission  to  drive  line 

E.  Drive  line  Sends  the  power^to  the  differential  by  the  pinion  and  ring  gear 

F.  The  differential  puts  the  power  out  to  the  final  drive 
forking  applications  of  power  trains 

A.  Trucks  (highway  and  off-road) 

B.  Industrial  and  off-road  equipment 

C.  Marine 

D.  Power  generators  *     *  . 
Types  of  drives  in  power  trains 

A.  Gear  drives  •  * 

B.  Fluid  drives 

C.  Friction  drives 

D.  Belt  drives 

E.  Chain  drives 

Types  of  gears  (Transparency  2) 

A.  Straight  Spur  gears-These  gears  have  straight  teeth  .  * 
(NOTE:  These  gears  are  noisier  and  used  mainly  for  slow  speed.) 

B.  Helical  spur  gear-The  teeth  are  cut  at  ah  angle 

(NOTE:  Helical  spur  gears  are  quieter  in  operation  and  have  greater  strength 
and  durability  than  straight  spur  gears  because  the  contacting  teeth  are 
longer.) 

.  22 
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C.  Herringbohe  gears-Are  really  double  helical  gears  with  teeth  angles  reversed 
on  opposite  sides 

D.  Planetary  gears-The  outer  ring  gear  has  internal  teeth  which  mate  with  teeth 
on  smaller  planet  gears;  these  gears  mate  with  a  cfenter  orv  sun  gear 

E.  Worm  gears-The  worm  gear  is  actually  a  screw;  the  mating  gear  has  teeth 
-    which  are  curved  at  the  tips  to  permit  a  greater  contact  area;  it  is  capable  of 

high  speed  reduction 

F.  Rack  and  pinion-Converts  straight  motion  into  rotary  motion  and  vice 
versa 

G.  Plain  bevel  gears-These  gears  permit  the  power  flow  to  turn*a  corner;  the 
gear  teeth  are  cut  straight  on  a  line  with  the  shaft 

H.  Spiral  bevel  gears-These  gears  permit  the  power  flow  to  turn  a  cprner; 
the  teeth  are  cut  at  an  angle  and  used  where  higher  speed  and  strength 
are  required 

I.  Hypoid  gears- Resemble  the  spiral  bevel  gears  but  the  driving  gear  is  located 
v     below  the  center  of  the  driven  gear  ^ 

Formula  for  calculating  gear  ratios- 

A.  Count  number  of  teeth  on  driving  gear  and  teeth  on  driven  gear  * 

B.  Divide  the  number  of  teeth  of  the  driven  gear  by  the  number  o'f  teeth 
of  the  driving  gear  *  N 

Example:        If  a  driving  gear  has  20  teeth  and  driven  gear  has  60  teeth, 
the  gear  ratio  is  60  +  20  f  3,  or  driving  gear  turn?  3  times 
to  one  turn  of  driven  gear.  . 
.i 

.  How  to  determine  gear  rotation  (Transparency  3) 

A.  6ears  are  used  to  change  the  direction  of  power  transmitted 

B.  Gear  rotation  is  determined  byli  drive  gear  turning  in  one  direction  (clock- 
wise) which  turns  a  driven  gear  in  the  opposite  direction  (counterclockwise) 

•  * 

(NOTE:  Some  planetary  gears  can  be  an  exception  to  this  rule.) 
Formula  forcalculating  gear  speed  (Transparency  4) 

A.  A  small  gear  will  drive  a  large  gear  more  slowly  but  with  greater  torque. 

B.  |A  large  gear  will/drive  a  small  gear  faster  but  with  less  torque 


INFORMATION  SHEET 


Formula  to  find  gear  speed:  R.P.M.  X  No.  orf  Tee^  of  drive  gear  = 
R.P.M.  X  No.  of  Teeth  of  driven  gear 

Example:        If  a  gear  with  20  teeth  re\/blves  at  500  R.P.M.  and  drives  a 
gear  with  40  teeth,  how  many  R.P.M.  would  the  gear  with  40 
■  *    te*th  make? 

500  x  20  =  X  x  40 

T  10,000    =  40  X 

v250        =  X     •  f 


3-1 


s 


Basic  Power  Train  Components 

« 


pt-ii  ; 


Types  of  Gears 


Straight  Spur      Helical  Spur  Herringbone 


Plain  Bevel 


Spiral  Beyel 


HypoicJ 


Planetary 


Worm 


'Rack  and  Pinion  / 


Courtesy  DEERE' &  CO.,  MQLINE,  IL 
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How  Gears  Change  Direction  of  Rotation 


(CC)  Counter  Clockwise 


Clockwise 

10,  tf. 


/  Output 
_  .  /  Power 

Driver 

Clockwise  (C) 


Input 
Power 


Counter 

Clockwise  (CC) 


Driver 


(C)  Clockwise 


lutput 
Power 

Clockwise 
(C) 


3*8 


TM3 


How  Gears  are  Used  to  Change  Speed 


56  Teeth 


1200 
RPM 


52  Teeth 


1527.3  RPM 
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INTRODUCTION  TO  POWER  TRAINS 
UNJT I  • 


"    '  ASSIGNMENT  SHEET  #1 -CALCULATE  GEAR  RATIO 

Directions:  Using  the  information  sheet,  calculate  the  gear  ratio  of  the  gears  below  and  Witt 
correct  answers  in  blanks  provided. 


A. .  Calculate  qf£r  ratio  from  information  given 

1 . .  Driven  gear  has  9  teeth 
Driving  gear  has  36  teeth 


What  is  the  gear  ratio? 

2.  Driven  gear  has  36  teeth 
Driving  gear  has  48-teeth 

What  is  the  gear  rajio? 

3.  Driven  gear  has  36  teeth 
Driving  gear  has  12  teetfr- 

What  is  the  gear  ratio? 

4.  Driven  gear  has  50  teeth 
Driving  gearha*  1 0  teeth  . 

What  is  the  gearratio? 


B.    Calculate  gear  ratio  from  illustrations 


1. 


ERJC 
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INTRODUCTION  TO  POWER  TRAINS 
UNIT  I 

t 

ASSIGNMENT  SHEET  #2--CALCULATE  GEAR. ROTATION 

Directions:  Calculate  gear  rotation  by  indicating  with  an  arrow  the  direction  the  driven  gears 
are  turning.  / 


9  . 
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INTRODUCTION  TO  POWER  TRAINS 
UNIT  I  . 


ASSIGNMENT  SHEET #3--CALCULATE  GEAR  SPEED 


Directions:  Calculate  the  direction  of  rotation,  the  gear  ratio,  and  the  RPM  of  each  driven 
gear  and  write  the  correct  answers  in.  the  blanks  provided. 

A.  Rotation   Ratio  R.P.M. 


1,  Gear  A 

2.  Gear  B 
3c  Gear-C 
4,  Gear  D 


CGear 
48  Teeth 


A  Gear 
60  Teeth 


Driving — £ 
Gear  . 
3600  v 
R.P.M. 


B  Gear 
20  Teeth 


30  Teeth 


Y  • 
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B.  Rotation   Ratio     R.P.M.  . 

* 

1«*  Gear  E  <_     

2.  Gear  F  __  


3.  Gear  G 


4.  Gear  H 


INTRODUCTION  TO  POWER  TRAINS 
UNIT  I 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 

A.  1.   .25:1  * 

2.  .75:1 

3.  •  3:1 

4.  5:1 

B.  .1.  .55.;  1 
2.  1.82:1 


3.  4:11 

4.  5-70 

5.  5.1  1 

6.  5.09 


Assignment  Sheet  #2 


f-0  I  o 


A 

Driving  Gear 


^    O    j-.,    ••*  ~  - 


% 

<. 

•"I .  O  I 


Driving  Gear 
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Driving  Gear 


Assignment  Sheet  #3 


A. 

Rotation 

Ratio 

R.P.M. 

1. 

Gear  A 

CC 

2:1  ' 

1800 

2. 

Gear  B- 

C 

.33:1 

5400 

3. 

Gear  C.. 

C  • 

.80:1 

2250 

4. 

Gear  D 

CC 

.83:1 

2700 

B. 

Rotation 

Ratio 

R.P.M. 

1. 

Gear  E 

CC 

w 

.16:1 

7200 

2. 

Gear  F 

CC  . 

.40:1 

3000 

3. 

GearG 

-    .  C 

.83:1 

3600 

4. 

Gear  H 

CC  x 

.50:1  • 

2400 
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INTRODUCTION  TO  POWER  TRAINS 
•    UNIT  I 


NAME_ 
TEST 


Match  the  terms  on  the  right  with  their  correct  definitions. 

 a.  Revolving  components  involved  in  the  trans- 
mission of  power' from  the  engine  to  the  drive 
wheels 


_b,  The  number  of  revolutions  the  driving  gear 
\  must  make  to  turn  the  driven  gear  one  revolu- 
tion 

* 

_c.  A  turning  or  twisting  force 
_d.  The  clearance  or  play  between  two  gears  in 


mesh 

_e.  End-to-end  movement  in  a  gear  shaft  due 
to  bearing  clearances 

_f.  Adjustment  of  antifriction  bearings  so  that 
they  are  under  mild  pressure;  tested  by  the 
amount  of  torque  in  inch  pounds  require.d  to 
turn  the  shaft  *     »  , 

_g.  A  combination  of  gears  used  to  reduce  the 
input  speed  to  a  lower  output  speed 

h.  Gears  that  are  always  in  mesh  with  each 
other      '  *  * 


 i.   Multiple  keys  in  the  general  form  of  internal 

and  external  gear  teeth/^used  to  prevent 
rotation  of  a  shaftf 

JjJ. «  A  unit  mounted  behind  the  main  transmission 
to  provide  supplemental  gearirtg  • 


1 .  Torque 

2.  Preload 

3.  Gearratio 

4.  Constant  mesh 

5.  Power  train 

6.  Backlash 

7.  Splines 
8. ,  Endplay 

9!  Gear  reduction 

10V  Auxiliary 
transmission 


Match  the  basic  components  of  a  power  train  on  the  right  with  their  functions. 

1.  Transmission 

2.  Final  drive 


a.  A  rotating  metal  disc  on  the  rear  end  of  a 
crankshaft  designed  to  even  out  power  surges 
during  power  strokes  and  deliver  energy  back 
during  other  strokes  - 


_b.  A  device  that  connects  or  disconnects  a 
power  source  from  -the  part  it  operates^ 
to  provide  a  smooth  transmission  of  torque  to 
working  parts  in  movement 


 c,  A  device  in#a  power  train  that  increases        3.  Flywheel 

torque  by  changing  gear  ratios,  permitting 

a  vehicfe  to'  move  at  varying  speeds  in  both        4.  Differential 

forward  and  reverse 

,  5.  Clutch 

 jd.  Components   that   transmit   torque  from 

the  transmission  to  the  differential;  made  up**       6.  Drive  line  * 
of  .one  or  more  drive  shafts  with  universal  and 
slip  joints  ~~ 

 e.  A  mechanism  that  drives  both  rear  \A-tieels  at 

the  same  time  but  permits  the  wheels  to  turn 
.  ,         at  different  speeds  so  the  vehic^Jpan  turn 

corners  ,  "™ 

f.  The  last  phase  of  a  power  train;  it  gives  final 
reduction  in  spefed  and  increase  in  torque  to 
the  drive  wheels  < 

Arrange  in  order  the  sequence  for  the  transmission  of  power  through  the  power  train 
by  placing  the  correct  seq  Jfence  number  in  the  appropriate  blank. 

^  ;a.  Clutch  is  bolted  to  flywheel  to  send  power  to  transmission 

 b.  Drive  line  sends  the  power  to  the  differential  by  the  pinion  and  ring  gear 

c.  Power  is  transmitted  from  clutch  through  transmission  at  various  speeds 


d.  Power  from  engine  is  transmitted  to  flywheel 
*  *  * 

e.  The  power  comes  but  of  transmission  to  drive  line  . 

f.  The  differential  puts  the  power  out  to  the  final  drive 


Select  working  applications  of  power  trains  by  placing  an/'X."  in  appropriate  blanks. 
;  a.  Power  generators 

v.  »  , 

b.  Airplanes 

c.  Trucks 


j±  Industrial  and  off-road  equipment 
e.  Marine 


Select  types  of  drives  in  power  trains  by  placing  an  "X"  in  the  appropriate  blanks. 

 a. \  Pneumatic  drives  " 

_  b.  Gear  drives 

 c.  Fluid  drives  ,  ;j(J 


Solve  the  following  problems  concerning  how  to  determine  gear  rotation  by  writing 
" C"  for  clockwise  or  " CC"  for  counterclockwise  in  the  blanks  provided. 


a.  Gear  A 


b.  GearB 


_c.  Gear  C 
*  d.  Gear  D ' 


10.   Demonstrate  the  ability  to: 

a.  Calculate  gear  ratio 

b.  .   Calculate  gear  rotation  * 

c.  Calculate  gear  speed 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 


INTRODUCTION  TO  POWER  TRAINS 
UNIT  I 


AlfsWERS  TO  TEST 


1.  a.  5  .        .  "  I     2      s  * 

b-.  3  r  g.  9 

c.  1     '         ,  h.  4 

d.  6  i.  7' 

e.  ,  8  j.     10  * 

'  2.  a.'    3  / 

b-  5  . 

.  •  c  1 
■d.  '  6 

e.  '  4 

f.  2  ' 

3.  a.  2  i  d.  1 

b.  5  e.  4 

c.  3  f.  6 

4.  a,  c,  d,  e 

5.  b,  c,  d,  e,  g 

6.  a.  Worm  f.  Hypoid 

b.  Spiral  bevel  g.     Rack  and  pinion 

c.  Straight  spur  h.  Planetary 

d.  Plain  bevel  i.  Herringbone 
y-    •  e.  Helical  spur 

7.  a.  1.77:1 

b.  3.16:1 

c.  .25:1 


> 


9. 


■J 


Gear  A  - 

C 

•Gear  B  -- 

CC 

Gear  C  - 

ce 

Gear  D  -- 

C 

Rotation, 

Ratio 

rpm' 

Gear  A 

C 

1.2011 

1250 

Gear  B 

CC 

2:1 

625* ~~ 

Gear  C 

C 

.63:1  , 

1000 

Gear  D 

C 

■  .33:1 

1875 

10.  Evaluated  to  the  satisfaction  of  the  instructo> 


CLUTCHES  AND  FLYWHEELS 
UNIT  II 


UNIT  OBJECTIVE  .M 


After  completion  of  this  unit,  the  student  should  be  able  tojdentify  parts  of  flywheel  and 
clutch  assemblies.  The  student  should  also  be  able  to  adjust  a  pressure  plate,  check  flywheel 
runout,  and  remove,  inspect,  and  correctly  install  a  clutch  assembly.  This  knowledge  will  be 
evidenced  by  correctly  performing  the  procedures  outlined  in  the  job  sheets  and  by  scoring 
85  percent  on  the  unit  test. 

/'    *  . 

SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  clutches  and  flywheels  with  their  correct  definitions. 

2.  Identify  the  components  of  a  basic  clutch  assembly. 

.J* 

3.  Identify  parts  of  a  flywheel. 

\ 

4.  Select  from  a  list  tf>e  functions, of  a  flywheel. 

>  i 

5.  Identify  parts  of  a  dry-type  disc  clutch. 

6.  Match  types  of  clutches  with  their  descriptions. 

7.  Identify  types  of  pressure  pJateS. 

<8.  Distinguish  between  a  disengaged  and  an  engagedTcfutch. 

9.  Match  types  of  clutch  linkage  mechanisms  with  their  functions. 

10.  Select  from  a  list  conditions  to  look  for  during  clutch  inspection. 

11.  Select  from  a  list  the/symptoms  that  occur  .when  a  clutch  housing  bore  has 
excessive  runout.  I 

12.  Match  clutch  malfunctions  with  probable  causes. 
•13.   List  purposes  of  a  dual  disc  clutch. 

14.  Demonstrate-the  ability  to:  §v 

a.  \  Adjust  clutch  linkage  free  travel. 

b.  Adjust  free  travef  on  a  pull  type  clutch. 

c.  Remove  a  clutch  assembly. 
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d.  Inspect  a  clutch  disc. 

e.  Check  a  clutch  housing  alignment. 

f.  Inspect  a  pressure  plate  and  cove/. 

g.  Inspect  a  pilot  bearing  and  pilot  bushing. 

h.  Reinstall  a  clutch  assembly. 

i.  Remove,  inspect,  repair,  and  reinstall  a  15  1/2-inch  dual  disc  clutch, 
j.  Disassemble,  inspect,  and  rea&qmble  a  hydraulic  (wet-type)  clutch, 
k.  Check  flywheel  runout. 
I.  Remove  and  replace  a  flywheel  ring  gear. 
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CLUTCHES  AND  FLYWHEELS 
.    UNIT  II  ' 


SUGGESTED  ACTIVITIES 


ERIC 


I.  Provide  student  with  objective  sheet.  - 

II.  Provide  student  with  information  and  jdb  sheets. 

III.  Make  transparencies.  M         Y  ^ 

IV.  Discuss  unit  and  specific  objectives.^  \ s 
V.  Discuss  information  sheet. 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

VII.  Take  students  on  field  trip  to  a  shop  that  rebuilds  clutch  discs  or  pressure  plates. 

VIII.  Supply  films  on  clutch  components  and  adjustments  mechanism. 

IX.  .     Take  students  on  field  trip  to  a  diesel  shop  to  watch  the  procedure  for  removing 
and  replacing  a  clutch  assembly.  , 

X.      Have  a  speaker  come  in  from  different  power  train  manufacturers  to  discuss  the 
operaticm  of  different  clutch  assemblies. 

XI.  Demonstrate  different  instruments  used  to  measure  the  components  of  a  flywheel, 
clutch  disc,  and  pressure  plate.  .  '  * 

XII.  Give  test. 

INSTRUCTIONAL-MATERIALS 

Included  in  this  unitV  ~  ,  , 

A.  Objective  sheet 

B.  Information  sheet     *  ' 

C.  Transparency  masters 
1.    TM  1 -Components  of  a  Basic  Clutch  Assembly 

•    2.  TM„2--Parts  of  a  Flywheel 

3.  TM  3-Parts  of  a  Flexible  Disc 

4:  TM  4-Parts  of  a  Rigid  Disc 

w  ■ 

5.  TM  5--Disc-Type  and  Band-Type  Clutches 

6.  TM  6-Types  of  Overrunning  Clutches 

7.  TM  7-Types  of  Magnetic  Clutches 


8.  TM  8-Other  Types  of  Clutches 

=  9.  TM  9-Types  of  Pressure  Ptates 

10.  TM  1 0--Pull  Type  Pressure  Plate 

11.  TM  11 -Clutch  Operation 

12.  TM  12-Basic  Mechanical  Linkage  Mechanism 

13.  TM  13-Basic  Hydraulic  System 

14.  TM  14-Basic  Air  Operated  Mechanism 

15.  TM  15--Clutch  Inspection 

16.  TM  16-Clutch  Inspection  (Continued)  . 

17.  TM  17--Heavy  Duty  Dual  Disc  Clutch  Components 
Job  sheets 

1.  Job  Sheet  #1«Adjust  Clutch  Linkage  Free  Travel 

2.  Job  Sheet  #2~Adjust  Free^Travel  on  a  Pull  Type  Clutch  . 

3.  Job  Sheet  #3--Remove  a  Clutch  Assembly 

4.  Job  Sheet  #4--l  nspect  a  Clutch  Disc  , 

5.  Job  Sheet  #5-Check  a. Clutch  Housing  Alignment 

6.  Job  Sheet  #6--l  nspect  a  Pressure  Plate  and  Cover 

7.  Job  Sheet  #7-l nspect  a  Pilot  Bearjngtend  Pilot  Bushing 

8.  Job  Sheet  #8--Reinstall  a  Clutch  Assembly 

9.  Job  Sheet  #9~Remove,  Inspect,  Repair,  and  Reinstall  a  15  1/2-Inch 
•  Dual  Disc  Clutch  „ 

10.  Job  Sheet  #10--Disassemble,  Inspect,  and  Reassemble  a  hydraulic  (Wet 
Type)  Clutch  ,  I 

11.  Job  Sheet  #11--Check  Flywheel- Runout  \ 

12.  Job  Sheet  #12:-Remove  and  Replace  a  Flywheel  Ring  Gear 

Test 

Answers  to  test 
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CLUTCHES  AND  FLYWHEELS 
UNIT  II 

INFORMATION  SHEET 


terms  and  definitions  N 

A.  Flywheel-Heavy  metal  disc  which  has  a  friction  surface  for  clutch  plate, 
supports  all  of  the  clutch  components,  and  provides  gear  teeth  on  outer  rim 
for  starting-motor  operation 

B.  Pilot  "bearingr-Bearing  located  in  the  flywheel  flange  of  the  crankshaft 
which  allow?  for  correct  support  and  alignment  of  transmission  input  shaft 

C.  Friction-Resistance  to  movement  between  any  two  objects  placed  in  contact 
with  each  other 

D.  Clutch  disc-Provides  a  friction  surface  between  pressure  plate-and  flywheel, 
and  is  splined  to  fit  the  transmission  input  shaft 

E.  Pressure  plaffe-Mounted  to  the  flywheel  and  supplies  the  force  that  holds  the 
clutch  plate  against  the  flywheel,  causing  the  flywhe€I7clutch  disc,  and 
pressure  plate  to  rotate  as  one  -  ✓ 

F.  Clutch  cover-Hpuses  the  release  levers,  springs,  and  pressure  plate  - 

G.  Clutch  release  bearjng-Also  known  as  throw-out  bearing;  used  to  activate  the 
release  levers  or  diaphragm 

H.  Release  fork-Y-shaped  lever  inside  clutch  housing  used  to  engage  and* 
disengage  clutch         ,„  *  t  * 

L     Free  travel-The  distance  a  clutbh  pedal  must  travel  from  its  normal  position 


7 


to  the  point  at  which  the  throw-out  bearing  engages  the  release  levers 


/  J.    .Clutch  disc  spin  time-Time  it  takes  for  the^clutch  disc  to  stop  spinning  after 
•  clutch  release   '  t 

K.    Release  fork  ball-Acts  as  a  pivot  for  release  fork 

L.    Slave  cylinder-Used  on  hydraulic  clutch  system  to  transmit  pressure  to 
throw-out  lever  , 

•  .M.    Master  cylinder-A  hydraulic  device  that  forces  hydraulic  pressure  to  a  slave 
-  cylinder  to  disengage  the  clutch;  it  also  activates  hydraulic  brakes 

N.    Clutch  housing-Covers  flywheel  clutch  assembly  and  provides  surface 
to  bolt  transmission  to  engine  - 

0.    Clutch  brake-A  mechanism  on  the  input  shaft. which  helps  slow  the  rotation 
of  the  input  shaft  and  the  clutch  disc  to  make  shifting  easier 


m 
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INFORMATION  SHEET  ' 

Components  of  a  basic  clutch  assembly  (Transparency  1 ) 
A.    Clutch  pilot  bearing 
^B.     Flywheel  ring  gear 

* 

C.  '  Flywheel 

D.  Clutch  disc  - 


ERjt 


E,    Pressure  plate 
T.    Clutch  release  bearing 

G.  Clutch  release  fork 

H.  Release  fork  ball 

III.      Parts  of  a  flywhep)  (Transparency  2) 

A.  Clutch  disc  contact  surface 

B.  Flywheel 

C.  Ring  gear 

D.  Clutch  pilot  bearing  bore 

E.  Pressure  plate  mounting  surface 

iy.      Functions  of  a  flywheel 

A.    Stores  up  energy  during  power  stroke  and  delivers  energy  back  during 
the  other^strp.kes  -  „  -  ' 

— — Ring^ear„js_mounted^tauM_the_circum 
means  for  starting 

C.    A  flat  surface  is  machined  smooth  to  provide  a  friction  surface  for  the  clutch 
V.  f    Parts  of  a  dry-type  disc  clutqh  (Transparencies  3  and  4) 

A.  Facings  , 

B.  Drive  wa9her 

C.  Torsional  coil  springs  > 

D.  Cushion  springs 

E.  Stop  pin 

•  •  -  no 
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s 

F.  Hub  flange 

G.  Friction  ring 

Types  of  clutches  and  their  descriptions  (Transparen.cies  5,  6,  7,  and  8) 

A.    Disc-type-One  or  more  plates  are  brought  .together  to  transmit  torque 

(NOTE^  There  are  two  major  types  of  disc  clutches:  the  dry-type  disc 
which  operates  dry,  cooled  by  air  and  the  wet-type  disc  which  operates 
in  either  oil  bath  or  spray,  cooled  by  oil.) 


B.  ^Band-type-An  outside  band  is  tightened  over  a  rotating  part  to  transmit 

torque 

C.  Overrunning-type-Engagement  is  allowed  in  one  direction,  but  the  unit 
freewheels  in  the  other 

(NOTE:  Overrunning  clutches  have  three  basic  types:  roller,  cam  or  sprag, 
and  spring.).  - 

D.  Magnetic-type--A  magnetic  field  holds  two  parts  together,  allowing  them  to 
.  rotate  as  a  unit 

(NOTE:  There  are  two  types  of  magnetic  clutches:  direct  action  and  indirect 
action.)  • 

E.  Cone-type-Two  cone-shaped  parts  are  engaged  to  transmit  torque 

F.  *  Expanding-shoe-type-An  inner  shoe  is  expanded  to  Contact  an  outer  part  to 

transmit  torque 

G.  Over  center-type-A  pressure  plate  is  forced  indirectly  over  levers  and  links 
against  the  clutch  disc;  as  the  clutch  is  engaged,  the  levers  and  links  come 
over  the  center  of  the  pivot  point  and  lock  the  engf^ement 

Types  of^iT^ure_piates~(Transparency-9)   — —  —     ■  -.  — - 

A.  Push  type  „  * 

1.  Diaphragm  spring 

2.  Coil  spring 

3.  Centrifugal  and  coil, spring 
4. .  Over  center  clutch 

B.  Pull  typ*e-A  coil  spring  type  with  an  adjusting  sleeve  connecting  the  release 
.  levers  to  the  release  bearing  (Transparency  .10) 
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Operating  principles  gfcthe  clutch  (Transparency  11) 

•  w£ 

A.  Disengaged-Throw-out  bearing  presses  the  free  end  of  release  levers  inward, 
while  other  end  of  release  lever?  moves  the  pressure  plate  from  the  clutch 
disc 

B.  Engaged-The  throw-out  bearing  is  brought  back  away  from  the  free  end 
of  release  levers  (free  travel);  the  springs  force  the  pressure  plate  against 
clutch  disc  and  flywheel 

Types  of  clutch  linkage  mechanisms  and  their  functions 

A.  Mechanical  linkage-This^thod  uses  a  series  of  levers  and  rods  connecting 
the  foot  pedal  to  the  throw^ut  fork  (Transparency  12) 

(NOTE :  Some  may  be  actuated  by  cable.)  y 

B.  Hydraulic  operated-A  master  cylinder  is  connected  to,  and  actuated  by, 
the  clutch  pedal;  the  pressure  created  by  depressing  the  foot  pedal  is  trans- 
mitted to  the  slave  cylinder  through  high  pressure  hoses;  the  slave  cylinder  is 
mounted  near,  and  connected  to,  the  throw-out  leveF  or  fork  (Transparency 
13) 

C.  Air  opfcrated.--This  mechanism  uses  compressed  air  and  hydraulic  assembly 
supply  power  for  clutch  operation  on  vehicles-equipped  with  a  hydraulic 
clutch  cyMnder  (Transparency  14) 

D.  Electrically  operated  (Transparency  7) 

1.  Direct-action  clutch  consists- of  a  field  coil  assembly,  rotor  unit,  face 
plate,  condenser,  and  an  operating  switch 

2.  Indirect-action  clutch  consists  of  a  driving  member  containing  a  coil,  an 
inner  driven  member,  and  a  mixture  of  magnetizable  metal  and  dry 

•  lubricant 

Conditions  to  look  for  during  clutch  inspection  (Transparencies  15  and  16) 
A.    Finger  and/or  lever  wear  .  •  - 

BT^'Excessi  ve-f  inge  r  wea  r — - — ^ — —  — — — 


c. 

Slight  chatter  marks 

D. 

Excessive  heat  discoloration 

E. 

Excessive  wa^page 

F. 

Heat  cracks 

G. 

Wear  pattern  from  warped  pressure  plate  or  flywheel 

H. 

Worn  clutch  disc  , 

I. 

Loose  or  worn  clutch  disc  hub- 

PT 
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J.     Worn  clutch  shaft  spline 

K.    Worn  pilot  bearing 

L.    Weak  pressure  plate  spring  tension 

M.    Release  fork  pivot  and  finger  wear 

N.    Notched  or  rough  release  bearing  support 

0.    Clutch  or  flywheel  housing  alignment 

Symptoms  that  may  occur  when  a*  clutch  housing  bore  has  excessive  runout 

A.  Excessive  transmission  gear  wear  or  noise  '  jm 

B.  Transmissionjumping  out  of  gear 

C.  Drive  line  vibration 

D.  Clutch, pedal  vibration 

E.  Grabby  pedal  feel 

F.  Pilot  bearing  noise 

G.  Excessive  clutch  spin  time 

Clutch  malfunctions  and  probable  causes 

A.  Slip  .  ' 

1.  Pressure  plate  spring  tension  weak  * 

2.  Excessively  worn  clutch  disc  \ 

3.  Oil  contamination 

4.  Improperly  adjusted  clutch  linkage  > 

B.  Drag 

•  1.  Pressure  plate  not  releasing  dDe  to  improper  linkage  adjustment 

2.  Broken  pivots  in  pressure  plate"~\ 

V 

3.  Defective  pilot  bearing 

4.  Clutch  or  housing  alignment 

C.  Grab  * 

1 .  Oil  contamination  qn  clutch  assembly 

2.  Broken  motor  mounts 
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3.  Glazed  clutch  surface,from  being  overheated 

4.  Weak  pressure  plate  spring 

D.  Chatter 

t.  Oil  contamination 

2.  Clutch  disc  glazed  from  overheating 

'3.  Warped  pressure  plate  or  flywheel 

4.  Weak  pressure  plate  spring 

5.  Improperly  adjusted  .release  lever 

E.  Freezing-Water  contaminated  clutch  disc  rusted  to  flywheel  and  pressure 
plate 

F.  Binding 

^  1.  Worn  or  misalignedjinkage 
2.   Release  bearing  dragging  on  support  •  s 

G.  Bearing  noise  t  ~  ^ 

1.  Worn  or  dry  pilot  or  release  bearing  when  clutch  is  disengaged 

2.  Pitted  clutch  shaft  bearing  when  the  clutch  is  engaged  wi1#transmission 
in  neutral 

3.  Worn  pilot  bearing 

H.  Pulsating  pedal-Uneven  pressure  plate  finger  height 

Purposes  of  a  dual  disc  clutch  (Transparency  17)    -  ^ 

A.  For  equipment  with  heavy  loads  ■  ' 

B.  For  engines  with  high  torque  and  horsepower 

C.  Allows  more  friction  surface-area  . 

D.  Doesn't  put  an  excessive  load  on  one  cfutch  disc 

E.  Allows  vehicle  to  start  moving  without  jerking  or  jumping 


Components  of  a  Basic  Clutch  Assembly 


Courtesy  General  Motors  Corporation  %  p  r. 
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Parts  of  a  Flywheel 


Ring  Gear 


Clutch  Disc 
Contact  Surface 

(■Flywheel 

Clutch  Pilot 
Bearing  Bore 


Pressure  Plate 
Mounting  Surface 


Dish 


Friction  Ring 


Hub  Flange 


Parts  Of  A  Flexible  Disc 

j  .  ■* 


Drive  Washer 


Facings 


Stop  Pin 


Cushion  Springs 


torsional  Coil  Springs 


i  u 


Parts  Of  A  Rigid  Disc 


Disc-Type  and  Band-Type  Clutches 


Rigid  Disc  Flexible  Disc  Hub 

Disc -Type 


Courtesy  DEERE  &  CO.,  MOLINE.  IL 


Types  of  Overrunning  Clutches 


Sprag  or  Cam  Clutch 


Spring-Type  Overrunning  Clutch 

Courtesy  DEERE  &  CO.,  MOLINE,  JL 


Types  of  Magnetic  Clutches 


Rotor  Assembly 


Clutch  Facing 


Field  Assembly 
^S/       ^  Connecting  Strap 

vrv 


Drive  Studs 


Direct-Action 


Driven  Sheave 


Dry  Powder 
Not  Energized 


Dry  Powder 
Energized 


Indirect-Action 

CourtesyJDEERE  &  CO.,  MOLINE)  IL 


Other  Types  of  Clutches 


Drive  Member 


Drive  Shaft 


Driven  Mertiber 


Throw-Out  Bearing 


Driven  Shaft 


Clutch  Lining 


Cone-Type 


Shoes 


Pivot  Links 


Outer 
Member; 


Clutch 
Release  Bearing 


Outer  Member 


Mechanical  -Type 
,  Expanding  Shoe 


Centrifugal-Type 
Expanding  Shoe 
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Courtesy  DEERE  &  CO.,  MOLINE,  IL 


TM  8 


.    v  pj-61 

Types  Of  Pressure  Plates  ' 

Coil  Spring 


Belleville  Spring  or  Diaphragm 


Centrifugal  and  Coil  Spring 
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Pull  Type  Pressure  Plate 


PRESSURE  PLATE 


BOLT 

ADJUSTING  RING  LOCK 


BUSHING 
SLEEVE 


PRESSURE  SPRINGS 
RETAINER 
ALF  RING  LOCKS 


PIVOT  PINST 


RETURN  SPRING 


RELEASE 
BEARING 

FITTING 

FLYWHEEL  RING 


PIVOTS 
SNAP  RING  - 


ADJUSTING  RING 


PRESSURE  PLATE 


0 
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^  1980  MOTOR  Truck  and  Diesel  Repair  Manual;  reprinted 
by  permission  of  The  Hearst  Corporation  „ 


Clutch  Operation 


Flywheel  Flywheel 


■  RT-67 

Basic  Mechanial  Linkage  Mechanism 
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V 


Basic  Hydraulic  System 


:  y 


Master,  Cylinder 


Return  Spring 


Stave  Cylinder  v 


Clutch 
Pedal 


Adjusting  Nuts  x 


,/  - 


■  / 


ERIC 


Cpuhesy  DEERE  &Co!fMOLINE#IL/ 
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Ba$c  Air  Operated  Mechanism 


PT-71 


Controp^aust  Port  Ble^d  screw 
Valve 

.  Mounting  Stud 


Compressed  Air  Port 


Hydraulic   Fluid  Inlet 
Cylinder  Port 
Guard 


/ 


Lubrication 
Port 

Air  Cylinder  - 


EndTlate 


Master  Cylinder 


To  Compressed  Air  System 
(90psi) 


Clutch  Pedal 
Hydraulic  Line 
(5/16"  Tube) 
Clutch.  Throwout  Lever 


k 

Air  Line  ~Mi 
(3/8j:Tube) 

Exhaust  Tube 


-Air  Reservoir 


Push  Rod 


<  ) 

\  > 

Mini-Pax 


-  ©  1980  MOTOR  Truck  and  Diesel  Repair  Manual;  reprintei 
jby  permission  of  The  Hearst  Corporation 
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Clutch  Inspection 


Normal  Finger  Wear 


Slight  Chatter  Marks 


Excessive  Warpage 


Excessive  Finger  Wear 


Excessive  Heat  Discoloration 


*Wear  Pattern  From  Warped 
-Pressure*  Plate  Or  Flywheel 
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Clutch  Inspection 

(Continued) 

-#  ■ 
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Heavy  Duty  Dual  Disc  Clutch  Components 


Flywheel 


FrontiDisc 


Center  Drive  Plate 


Rear  Disc 

Pressure  Plate  and  Cover 


Clutch  Brake 

Clutch  Housing 


Front  Disc  is  stamped: 
Flywheel  Side..  Install ' 
to  front  of  vehicle 


Rear  Disc  is  stamped: 
Pressure  Plate  Side. 
Install  to  rear  of  vehicle 


Drive  Pins  must  be  square  with  Flywh~eel  for  proper  clearance  with  notches  in  Center  Drive  Plate 

Courtesy  Ford  Motor  Company 
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CLUTCHES  AND  FLYWHEELS 
UNIT  II 


JOB  SHEET  #1-ADJUST  CLUTCH  LINKAGE  FREE  TRAVEL 


Tools  and  equipment 

A.  Basic  hand  tools 

B.  Drop  light 

C.  Creeper 


Floor  jack 


0 


E.    Wood  blocks 


F. 
G> 


Jack  stands 
Safety  glasses 


Procedure 

A.    Make  sure  clutch  pedal  returns  firmly  against  ,  pedal  stop  when  released 
(Figure!) 


FIGURE  1 

Pedal-to-Equalizer  Rod 


Release  Fork 


^Retracting  Spring 
f 

B.    Locate  adjustment  on  clutch  linkage 


Courtesy 

Ford  Motor  Company 


eo^is 


(NOTE:  On  some  vehicles,  the  clutch  adjustment  is  made  under  the  hood. 
If  adjustment  is  made  under  the  vehicle  ^nd  needs  to  be  jacked  up,  support 
vehicle  on  jack  stands  and  block  wheels.) 


aa 
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JOB  SHEET  #1 

C.  Check  clutch  linkages  for  binding;  lubricate  as  needed 

D.  Adjust  clutch  linkage 

E.  Adjust  linkage  until  desired  free  travel  is  obtained  (Figure  2) 

(NOTE:  Adjust  linkage' to  manufacturer's  specifications.  Usually,  about 
one  inch  of  clutch  pedal  free  travel  is  desired.) 


FIGURE  2 


Point  at  which  the  throwout 
bearing  contacts  the  pressure 
plate  release  fingers 


Pedal  Stop 

Pedal  in  fully  extended  position 


Average  Free  Travel 
25.4  mm  s 


ADJUST  CLUTCH  FREE  TRAVEL 

F.  Secure  locknut  on  adjuster  if  so  equipped 

G.  Remove  jack  stand  if  used 

H.  Recheck  free  travel 

I.  Remove  block  from  behind  wheels 


r 
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JOB  SHEET  #2--ADJUST  FREE  TRAVEL  ON  A  PULL  TYPE  CLUTCH 

P 

Tools  and  equipment 
A*.   Basic  hand  tools 

B.  Drop  light  s  *  - 

C.  -  Creeper 

D.  Measuring  t$pe  or  scale 

E.  Clutch  adjustment  tool 

F.  Wood  block 

G.  Safety  glasses 
Procedure 

A.  Btock  wheels  on  vehicle 

B.  Remove  inspection  plate  on  bottom  of  clutch  housing 

C.  Disconnect  clutch  return  spring 

D.  Hold  the  release  lever  against  the  refease  bearing  *  . 

(NOTE:  You  may  have  to  get  someone  to  hold  down  on  clutch  pedal  for 
this  operation.) 

E;.    Measure  the  distance,  on  synchronized  transmissions,  between  the  release 
bearing  and  the  clinch  spring  hub  (Figure  1)  ^ 

Spring  Plate  Hub       Release  Bearing 

FIGURE  1  I  1 


9/16M- 5/8"  ** — Average  Measurements 
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F.  Check  measurement  with  vehicle  manufacturer's  specifications. 

G.  Measure  the  distance,  on  nonsynchronized  transmissions,  between  the  release 
bearing  and  clutch  brake  (Figure  2) 


FIGURE  2 


SpritjaJPJate  Hub    Release  Bearing 

"  V 


13/32M-1 5/32"*^ — Average  Measurement 


H.    Check  measurement  with  vehicle  manufacturer's  specifications 


L     Adjust  the  check  -assembly  by  rotating  the  engine  flywheel  until  the  adjust- 
ing lock  and  bolt  come  into  view~(Figure  3) 


FIGURE  3 


Bolt 


Lock 


Clutch  Assembly 
Adjusting  Ring 


erJc 
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JOB  SHEET  #2 

*  9 

J.     Remove  the  bo)[t  and  lock  (Figure  3)  * 

K.  Have 'someone  hold  the  clutch  pedal  down  so  the'clutch  is  in  the  release 
position  * 

L.  Use  a  clutch  adjusting  tool  to  turn  adjusting  ring  CQuriterclockwise  to  move 
the  release  bearing  toward  the  flywheel,  or  clockwise  to  move  the  release 
bearing  away  from  the  flywheel 

M.  H  ave  the  person  holding  clutQh  pedal  down  let  up  on  the  pedal  to  engage  the 
clutch  v 

N.    Remgasure  the  clearance  as  outlined  in  s^eps  Eand  G 

.0.  .  Install  the  lock  and  bolt  if  clutch  is  properly  adjusted 

P.     Check  clutch  pedal  free  travel 

(CAUTION:  Install  lock  and  pin  before  starting  engine.) 

Q.    Reinstall  inspection  plate  «^ 


t 
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JOB  SHEET  #3--RE MOVE  A  CLUTCH  ASSEMBLY 


I.  Tools  andequipment-  . 

,  *  A.    Basic  hand  tools  ~  , 

c 

B.  Transmission  jack  t 

C.  Engine  support  "stand  1  0 

D.  Drop  light     0  ■  - 

E.  Creeper" 

»  »  « 

F.  Floor  jack  (if  needed)  *  : 

G.  Jack  stands  (if  needed) 

H.  Wood  blocks  —  w 

I.  Shop  towels  v 

*  ** ' 

J.  *  Pilot  shaft  ■ 

*  • 

K,    Battery  cable  pliers  - 

L    Safety  glasses  ,  '  •  - 

II.  *  Procedure 

A.  Disconnect  battery  GROUND  cable  * 

B.  Block  wheels  of  vehicle  >:  ■    ^  ^ 
•                         ,                                        »        «-  * 

C.  Mark  propeller  shaft  (drive  shaft)  for  reinstallation  (Figure  1),- 

«  •  /*-  ■ 

FIGURE  1 


^Pinion  Flange 


Center  Punch  Marks 


Center  Punch  Marks 
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# 


^Remove  propeller  shaft  ' 
» 

E.  "Secure  rollers  on  propeller  shaft  with  tape  * 
F. 
B. 
H. 

J/ 


Di^onnect  transmissiorf  shift  lever  mechanisms 

Disconnect  any  electrical,  air,  or  hydraulic  connections  from  transmission 

Disconnect  speedometer  cable  -  ( 

Disconnect  rear  mount 

(NOTE:  It  may  be  necessary  to  support  the  rear  of  the  engine  before  trans? 
mission  removal  if  the  engine  does  not  have  a  rear  engine  mount  attached.) 

J.  %  Ff&ise  transmission  just  enough  to  clear  any  crossmembers  or  remove  cross- . 
members  if  necessary  \  . 

K.    Support  rear  of  engine  and  raise  or  lower  transmission  as  necessary  .  .  * 

L.     Remove  transmission  attaching  bolts 

(CAUTION:  Secure  the  transmission  to  a  jack;  a  transmission  is  extremely 
heavy  and  must  be  handled  safely.)  "  ,  , 


M.    Remove  transmission 


N.    Remove  clutch  relea.se  bearings 


J 


( 
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Mark  flywheel  and  pressure  plate  with  a  center  punch  while -clutch  assei 
is  exposerf-(Figure  2) 


FIGURE  2 


...  f 


Remove  pressure  plate  attaching  bolts  *        »:  r 

(CAUTION:  A  clutch  adjustmenj  tool  shoule^be  placed  through  the  clutch 
disc  and  pressure  ptete  to *  prevent- them  frorr^alling  as  the  Attaching  bofts  are 
Amoved.)4  .  '   •  V"  &  ^  7 


Remove  clutch  and^pressure  plate w 


/ 


(NOTE:  While  removing  clutch  disc,  notice  the  position  ofTta  drsc'when.  ^ 
removed.)         j    '*  ^  *  *      '    jV         ^v      ■    ^  ' 


w  v 


(CAUTION:  Pressure  plates  cancbe  extremely  h§avy;  keep  .your -feet  out  *r- 
from  under  the  plate-when  yyprking  with  it.)  r  -  y 
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JOB  SHEET  #4-1 NSPECT  A  CLUTCH  DISC 


I.      Tools  and  equipment  , 


ERJC 


ii. 


A.  Solvent  container 

B.  Solvent 

C.  Brush 

D.  .  Drop-light  - 

E.  Shdp  towels  \ 

NF. .  Safety  glasses  '  * 
Prpcedure  * 

A.  Wash  pressure  plate  arrd  clutch  housing^n  suitable  solvent 

9  (CAUTION:  Do  not  wash  release  bearirtg  in  solvent  because  it  would  wash  , 
out'  lubricant  and  ruin  bearing.  Do  not  wash  a  nonmetallte  clutch  ciisc 
in  solvent  because  the  facings  would  be  damaged.) 

B.  Inspect  the  flywheel  for  scoring  and  roughness  . 

C.  Inspect  the  pressure  plate  for  scoring,  roughness,  and  broken  springs 

D.  Inspect  the  clutch  disc  for  wear  or  damage  (Figure  1) 
FIGURE,  1  * 


Oil  on  Facings" 


Worn  Facings? 


Loose  or  Worn 
Hub  Splines  \\ 


Broken  or  Loose 
Torsional  Springs 


Weak  or  Broken 
Cushion^Springs 


Inspect  clutch  release  bearing  for  excessive  wear  an  contact  face;  check  for 
roughness  of  balls  and  races 
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UNIT  II 


^     JOB  SHEET  #5-  CHECK  A  CLUTCH  HOUSING  ALIGNMENT 

Tools  and  equipment  .  ^ 

A.  Dial  indicator  ^  < 

.B.  "C"  clamp 

C.  Torque  wrench 

D.  Basic  shop  tools  x 

E.  Shop  towels  ^ 

F.  Safety  glasses       %  * 

1 

Procedure  *  \ 

1  ' 

(NOTE:  This  procedure  j«  accomplished  with  the  transmission  and  clutch  assem- 
bly removed.^he  clutch  housing  bore  and  transmission  mating  surface  shoukj  be 
clean.)  L 


A.    Check  bore  runout 


) 


1.   Replace  one  flywheel-to-crank-shaft  bolt  with  a  bolt  about  3  long 
(Figure  1) 


FiGURE  1 


Crank' 


>Clutch  Housing  Bore 


"C"  Clamp) 

//  "^Clutch  Housing 


Flywhee 
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Mount  a  dial  indicator  on  this  bolt  (Figure  2) 
FIGURE  2  J 


Dial  Indicator 


Measuring  Housing  Bore  Runout 

/  " 

(NOTE:  The  dial  indicator  contact  should  set  squarely  on  the  bore 
wall!) 

Adjust  the  dial  to  "0" 

Rotate  engine  clockwise  with  a  socket  wrench  on  vibration  damper- 
bolt  at  front  of  crankshaft, 


Record  dial  indicator  n'eedfe  deflection  (Figure  3) 


(NOTE:  Check  the  "runout  with,,  the  allovyable^runout  found  in  the, 
service  manual  for  the  particular  vehicle  being  repaired.  Excessive 
bore  runout  c'an  be  corrected  by  installing  correct  size  of  offset  dowel 
pins.)  \  , 


FIGURE  3 


12 


P\  O'clock 


Rear  Face  of 
Engine  B\hck 
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B.    Check  face  squareness  , 

1.  Position  dial  indicator  so  the  contact  will  ride  squarely  on  the. trans- 
mission mating  surface  of  the  cjutch  housing  (Figure  4)    v  % 


FIGURE  4 


Dial  Indicator 


'C"  Clamp 


Measuring  Housing  Face  Squareness 


Cranl\ 


• — Dial  Indicator 
Clutch  Housing  Bore 


Clutch  Housing 


Flywheel 


2.  Adjust  thadifelito  H0" 

3.  Rotate  the  engine  clockwise  with  a  socket  wrench  on  vibration  damper 
bolt  at  front  of  crankshaft 
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Record  dial  indicator  reading  \ . 

(NOTE:  If  total  indicator  reading  is  greater  than  allowed  in  the  service 
manual  for  the  vehicle  being  repaired,  locate  the  point  of  the  Jotoest 
reading,)  %  $ 

Place  shims  on  the  side"  where  the  lowest  reading  was  made  (Figure 

5)  ,    .  • 


FIGURE  5 


Clutch'Housing  Shim 


1  1/2" 


/ 


■1  1/4" 


1 

5/8" 


'  •  -J  ■  ■  '  1 

Not  more  than  0.010  inches  of  shims  should  be  placed  between  ihe 
engine  and  clutch  housing 

If  the  housing  cannot  be  brought  into  alignment,  replace  the  housing 
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CLUTCHES  AND  FLYWHEELS 
'  UNIT  II 


JOB  SHEET  #6--INSPECT  A  ^RESSUFTEPLATE  AND  COVER 

c 

Tools  and  equipment  *  > 

A.  Shop  towels  ,  ^ 

B.  Drop  light  '  ' 

C.  Solvent  container 

D.  Solvent  - 

E.  Brush 

F.  Safety  glasses 

Procedure ,  1 

A.    Place  shop  towels  on  bench,  and  place  pressure  plate  on  towels  being  careful 
not  to  score.or  scratch  the  machine  surface 

B     Force  each  individual  finge?"  down,  and  then  release  it  quickly  (Figure 

n       /■  " 


FIGURE  1 


Individual  Finger 


Norfnal  Finger  Wear 


C.  Check  to  see*  if  finger  does  not  retuft^jurckly;  this  indicates  a  binding  con- 
dition and  the  pressure  plate  should  be ■replaced 

D.  Inspect /the  surface  of  the  pressure  plate  fo|^[rn  mar^ks,  scores,  flatness,  or 
ridges  (Figures  2  and  3) 

'  ■  o  * 

*  (NOTE:  If  prefsfcdre  plate  is  badly  heat-checked  or  deeply  scored,  replace  the 
pressure  plate'and  cover  assembly.)  >^ 
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FIGURE  2 


FIGURE  3  ' 


Excessive  Heat  Discoloration 


Slight  Chattef  Marks 


E.  Clean  the  pressure  plate*  arid  flywheel  surfaces  with  suitable  commercial 
solvent  to  be  sur§  the  surfaces  ari  free  frorn  any  oil  film 

F.  Lubricate  the  pressure  plate  Ii$b%'with  molly-lube  grease  between  the  driv- 
ing lugs  and  edges  of  the  pressure  plates  as  shown  in  Figure  4 

FIGURE  4 


Driving  Lug 


Pressure  Plate 
and  Cover 


A 

Flywheel 


Pressure  Plate  Lubrication 
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CLUTCHES  AND  FLYWHEELS 
UNIT  II  i  ' 


II. 


JOB  SHEET  #7--fNSPECT  AT>ILOT  BEARING  AND  PILOT  BUSHING 

Tools  and  equipment  *  ; 

A.  Basic  shop  tools 

B.  Drop  light 

C.  Shop  towels 

► 

D.  Safety  glasses^ 
Procedure 

A.  .   Chech  the  fit  of  the  clutch  pilot  bushing  and  pilot  bearing  in  the  bore  of  the 

crankshaft  or  flywheel 

B.  Check  to  see  that  bushing  or  bearing  is  pressed  into  crankshaft  and  not  loose 

C.  Inspect  the  inner  surface  of  the  bushing  for  wear  or  a  bell-mouthed  condi- 
tion (Figure  1)  • 


FIGURE  \ 


Check  for  Fitness 


Pifot  Bushing 


Check  for  Wear  - 
or  Bell-Mouthed 
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D.    Inspect  the  pilot  bearing  for  roughness  while  rotating,  evidence  of  overheat- 
ing'or  loss  of  lubrrcant  (Figure  2) 


FIGURE^ 


Check  for  Fitness 


Pilot  Bearing 


Check  for  Roughnesj,  Heat,  . 
and  Loss  of  Lubricant 


(NOTE: "On  checking  lubricant  for  bushing  and  bearing,  check  manufacturers  ^ 
specification  .because  some  require  lubricant  and  some-do  not  need  it.) 

(CAUTION:  if  you  do  lubricate  a  bushing  or  bearing,  avojd  using  too  much., 
lubricant  because  it  may  be  thrown  onto  the  clutch  difec  when  the  Clutch 
revolves.)  • 


*  ( 
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CLUTCHES  AND  FLYWHEELS 
UNIT  II 


JOB  SHEET  #8--RE.INSTALL  A  CLUTCH  ASSEM0LY 

Tools  and  equipment 

A.  Basic  hand  tools 

B.  Engine^upport  stand  1    •  - 

C.  x  Floor  jack  (if  needed) 

D.  Jack  stands  (if  heeded) 

E.  Tr=„Sm[SSioniack  ^ 

F.  Clutch  disc  alignment. tool  >  1 
{NOTE:  A  transmission  input  shaft  may  be  used  for  clutch  alignment.) 

G.  Torque  wrench  *  \ 

H.  '  Safety  glasses 

Procedure  .  1  * 

A.  Clean  flywheel  faction  surface 

B.  Check  to  make  sure  the  recess  in  the  crankshaft  is  absolutely  clean  beforein- 
stalling  a  new  pilot  bearing  or  bushing 

(CAUTION :-Wheft  installing  a  pilot  bearing,  keep  the  shielded  side  of  bearing 
'toward  the  trarismissio'n  or  away  from  the  flywheel^) 

C.  Apply  a  small  amount'of  grease  to  pilot  bearing 

(CAUTION:  Refer  to  the  service  manual  for  the  vehicle  being  repaired, 

for  lubricant  procedures.)  \ 

i 

D.  Start  bearing  by  hand,  t6p  into  place  by  striking  the  outer  race 

E.  Check  to  make  sure  the  friction  surface  of  pressure  plate  and  flywheel  are 
clean  before  installing  the  clutch  assembly 


4 .  * 
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/  Prace  the*  clutch  (disc  in  the  mounting  position  with  the  radially  mounted 
springs  away  from  the  flywheel  (Figure  1 ) 

* 

(CAUTION:  Refer  to  service  manual  on  some  clutches  as  they  may  go  the 
othdr  way.)  ' 


FIGURE  1 


Pressure  Plate  Side 


Radially  Mounted  Springs 


Flywheel  Side 


G.  Position  pressure  plate  over  the  clutch  disc 

H.  Install  clutch  alignment  shaft  through  the  pressure  plate  and  clutch  disc  and 
align  into  the  pilot  bearing  (Figure  2) 


FIGURE  2 


Clutch  Disc 


Clutch  AlignmentShaffr 


Pilot  Bearing 


Flywheel 


\ 
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Align  center  punch  marks  on  pressure  plate  and  flywheel 
Start  pressure  plate  attaching  bolts  and  lock  washers 

TE :  Make  sure  bolts  are  the  correct  type  and  shouldered.) 
n  bolts  alternately  a -few  turns  at  a  time  until  they  are  snug 


4    (CAUTION:  Do  not  tighten  one  bolt  at  a  time.) 
L.    Torque  bolts  to  manufacturer's  specifications  < 

M.  *  Remove  clutch  alignmentjshaft; 

N.    Lubricate  release  bearing  and  sleeve  (Figure  3)  •  * 

(NOTE:  Check  manufacturer's  specifications;  some  may  not  require  lubrica- 
tion.)    !  

3  _t  ^-Grease  Fitting 


FIGURE  3 


Coat  This  Groove 


Pack  This  Recess 
.0.    Make  sure  release  fork  is  in  place  (Figure  4) 


for  Bearing 


FIGURE  4 

Release  Bearing  Groove 


Ball  Stud 


Release  Fork 


J  OS 
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P.     Install  transmission 


'  (N.OTE:  Use  a  transmission  jack  and  guide  pins  to  avoid  clutch  disc  damage 
during  transmission  installation.)  '  w 

(CAUTION:  Do  not  allow  transmission  weight  to  hang  on  clutch  disc,) 
Q.    Connect  clutch  linkage 
.  R.    Attach  shifting  linkage 
S.     Install  speedometer  cable  w 

V.  • 

T.    Install  rear  mount  and  cross-member,  if  applicable  x 
U.    Install  drive  shaft  while  aligning  marks  * 
V.    Check-free  travel;  adjust  if  necessary  '*  ^ 

(IMOTE:  Refer  to  Job  Sheet"*!  if  necessary.) 


W..   Connect  battery  ground  cable- 
X.    Remove  jack  stands  if  used 
I    Y.    Remove  block  from  behind  wheels 
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UNIT  II 


JOB  SHEET  #9--REMOVE,  INSPECT,  REPAIR,  AND  REINSTALL 
A  15  1/2-INCH  DUAL  DISC  CLUTCH 

Tools  and  equipment  *  ■  . 

A.  Basic  shop  tools  "  . 

.  y  ... 

B.  Press 

C.  Clean-  shtip  towels  \ 

D.  Aligning  tool  or'old  transmission  main  drive  gear 

E.  Two  3/4-inch  blocks^f  wood 

F.  Two-7/16-inch  14NC  <5"  long)  guide  studs  < 

G.  Pilot  bearing  remover 

H.  Slide  hammer  - 

I .  Piece  of  2  V2-inch  OD  tubing 
J.     Pieceof  2  x  4  to  make  bridge 
K.    High  .temperature  lubricant  - 
L.    Chain  hoist 

M.    100  foot-pOund  torque  wrench 
N.    Safety  glasses 
Procedure  " 

'(NOTE:  This  procedure  is  adapted  from  materials  published  ^nd  copyrighted 
by  General  Mofbrs»Corporation,  and  relate  specifically  to  the  Spicer  15  1/2-inch 
dual  disc  angle-spring  clutch;  your  instructor  may  modify  the  procedure  to 
facilitate  a  different  or  a  smaller  dual  disc  clutch,) 

A.  Remove  transmission  assembly  from  vehicle  as  directed  in  the  manufacturer's 
service  manual  . 

B.  Remove  the  clutch  assembly  with  the  fallowing  procedure: 

1.  Install  aligning  tool  or  an  Old  transmission  main  drive  gear  into  the  hubs 
of  the  driven  discs  to  support  the  clutch  assembly  during  removal 
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2.   Install  two  3/^-inch  blocks  of  wood  betyyeen  the  front  of  clutch  release 
^bearing  and  clutch  spring  plate  hub  (Figure  1)    *  • 

(NOTE:  The  wood  blocks  will  relieve  the  heavy  internal  spring  load, 
preventing  the  clutch  from  cocking  during  removal.) 

i 

FIGURE  ,1  '         '     .  - 


3.  Mark  flywheel  ring  in  relation  to  engine  flywheel  to  assure  original 
positioning  at  reassembly,  if  either  part  is  to  be  reused 

*• 

4.  Remove  two  upper  clutch-to-flywheel  mounting  bolts  and  insert,  in 
their  place,  two  7/16"  -14NC  (5,f  long)  guide  studs 

5.  'Loosen  the  clutch-torflywh'eel  cap  screws*  alternating  one  tucn  at 
a  time  to  avoid  creating  i/ndue  stresses  in  flywheel  ring 

6.  -  When  all  clutch-to-flywheel  mounting  bolts  have  been  removed,  slide 

clutch  assembly  back  on  studs,  using  caution  to  prevent  dropping  of 
front  disc  or  intermediate  drive  plate 

7.  Rig  a  sling  with  a  small  chain  to  ^ssis^jn  lowering  the  clutch  from 
assembly  studs  to  floor 

-    (CAUTION:  The  SpiceM5  1/2-inch  clutch  assembly  weighs  approxi- 
*  mately  150  pounds.) 

8.  Remove  clutch  assembly  from  vehicle  and  lower  to  floor 

in 
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Stop  at  this  point  *and  have  your  instructor  check  and  Jnitiaf  your  procedure 
and  safe  practice  ^ 

INSTRUCTOR  CHECK:  Procedure[^Safety[^lnitials|     |  ; 


Inspect  and  repair  yoke-type  clutch  release  mechanism  with  the  following 
procedure:  # 

}.  Check  release  bearing  for  r&ughness  or  noise  by  rotating  bearing  race 
while  applying  light  pressure 

%,  2.  Rteplace  bearing  if  it  is  rough,  noisy,  or  obviously  damaged 

\3.  Remove  release  lever  from  clutch  release  yoke  cross  shaft  (Figure 
2)  ' 

i 

FIGURE  2  ,  .      !  1 

\  FLEXIBLE  LUBRICATION 

SUPPORT         H0SE  CUP 
RETURN  SPRINGS 

RELEASE  iBE-ARING 
SUPPQRT 

16-18  ' 


F?-LBS. 


KEY 


RELEASE  YOKE 


SLAVE  CYLINDER 


CROSS  SHAFT 


CLUTCH  HOUSING  T-4U7 


4.  Disconnect  flexible  lubrication  tube  from  top  of  release  bearing  support 
(refer  to  Figure  2*W  the  remaining  steps  in  this  procedure) 

5.  Remove  two  retaining  springs  from  top  of  bekqng^up^ort 

6.  Slide  release  bearing  and  support  assembly  off  end. of  transmission 
bearing  cap  r  . 

7.  Remove  two  cap  screws  which  attach  release  yoke  to  cross  shaft, 
then  drive  the  yoke  to  one  side  to  expose  two  drive  keys 

8.  Remove  keys,  then  drive  shaft  out  of  yoke  and  remove  from  the 
housing   -  ■ 
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E.  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
arid  safe  practice  ;/  . 

INSTRUCTOR  CHEC|£:  Procedure^  Safety|      |lnitials|     |     (  ,# 

F.  Reassemble  the  clutch  release  mechanism  with  the  following  procedure 
(refer  to  Figure  2  for  all  steps):  *  : 

1.  Hold  clutch  release  yoke  in  position  in  clutch  housing,  thfcn  insert 
release  cross  shaft  through  one  side  of  clutch  housing,  through  release 

♦  .yoke,  angJ  out  through  opposite  side  of  housing  \. 

2.  Install  two  keys  in  cross  shaft,  then  move  yokQ  into  place  with  keys 
engaging  keyway  in  yoke 

3.  Do  not  tighten  bolts  until  after  release  bearing  and  support  assembly  is 
.assembled  to-bearing  cap  ' 

.  4.  Examine  contact  buttons  on  ears  of  bearing  support-  for  worn  condi- 
tion; buttons  can  be  pressed  out  or  into  support,  if  necessary 

5.  Slide  release  bearing  and  support  assembly  on  bearing  cap  to  contact 
fingers  of  release  yoke 

6.  Install  retaining  springs,  then  connect  lubrication  tube  to  top  of  sup 
port 

7.  Check  cross  shaft  and'  yoke  to  make  sure  they  are  properly  centered, 
then  tighten  yok^  clamp  bolts 

8.  Install  Release  lever  on  yoke  cross  shaft  with  drive  key  in  slot  of  shaft 

9.  Position  lever  on  shaft  so'  that  it  is  directly  in  line  with  tenter  of  slave 
cylinder  push  rod 

10.  lighten  lever  clamp  bolt  firmly 

11.  Fill  grease  cup  with  lubricant  as  specified  in  service  manual,  and  lubri- 
cate clutch  cross  shaft  bushings,  using  fitting  at  each  side  of  clutch  t 

housing 

G.  Stop  a  this  point  and  have  your  instructor  check  and' initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]     jsafetyj      |lnitials|  | 

.  \      -  ■  •- 
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H.  Inspect,  remove,  and  reinstall  clutch  pilot  bearing  with  the  following  prpce- 
.  dure'; 

1.  Inspect  for  corrosion  or  roughness  on  either  the  race  or  the  balls 
s                                         by  rotating  the  bearing  inner  race  with  a  finger 

2.  Remove  clutch  pilot  bearing  assembly  from  engine,  using  pilot  bearing 
remover  J-5901-2  with  slide  hammer  J-2619  '  / 

*     •        -  .....,/ 

3.  With  fingers  ori  puller  closed,  insert  fingers  through  bearing  inner  race 

*  as  far  as  they  wiJI  go,  then  tighten  thumb  screw  to/spread  fingers 

. ,         4.  Slide  weight  sharply  against  stop  on  puller  shaft  tj/  remove  bearing 

i  4  5'.  Pa'ck  clutch  pilot  bearing  with  small  quantity  d(  high  temperature 

lubricant  as  specified -in  service  mapual 

/  r  6.  With  shielded  side  of  bearing  toward  the t rear,  drive  pilot  bearing 

into  position,  using  a  rawhide. mallet  or  a  block  of  wood  w 

7.   Inspect  bearing  to  make  sure  it  is  seated  firmly 

4   •  * 

I.  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
*    '    and  safe  practice" 

»      -       INSTRUCTOR  CHECK:  Prpcedurep    [safetyj  |lnitials|~~j 

J.  Inspect  flywheel,  intermediate  drive  plate,  pressure  plate,  and  driven  discs 
*    .  *  with  the  following  procedures: 

1.  Inspect  surface  which  is  contacted  by  the  cjpjch  facing 

2.  Make  sure  surface  is  smooth;  it  "should  not  be  grooved  or  show  deep 

*  heat  checks  * 

3.  Replace  if  any  of  the  above  .conditions  are  evident 

.  4.   Inspect  driven  disc  assembly  for  worn,  loose,  and  grease  or  oil-soaked 
facings 

5.  .Check  for  broken  springs,  loose  rivets,  or  cracks  in  the  driven  disc  hub 
*•                  ■  .  ♦  ** 

6.  ;  Examine  splines  in  hub  .for  wear  and  make  sure  they  slide  freely  on 
splines  of  the  main  drive  gear 

7.  If  any  wear  or  damage  is  evident,  replace  with  a  new  driven  disc  assem- 
bly   '      •  #  *  ' 

-  -  -   '  —  — .  r    -  1  1  A  '  " 
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K.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
_  and  safe  practice 

INSTRUCTOR  CHECK:  Procedure|      |safety[^   [lnitials[  | 


L.    Inspect  and  repair  pressure  plate  and  cover"  assembly  as  directed  by  your 
instructor  *  ' 

M.    Reinstall  the  clutch  assembly  with  the  following  procedure  ^  *\ 

>                                          '   *  *s  ^ 

J.   If  wood  blocks  have\not  been  installed  between  the  releasfe  bearing 
and  spring  plate  hub,  perform  the  following;  ^ 

a.  Turn  clutch  assembly  over  on  bed  of  arbor  press  an^d  rest  end  ' 
of  release  sleeve  on  piece  of  2  1/2-ipch  OD  tubing     •  V, 

b.  Use  the  2  x  4  bridge  as  shown  in  Figure  3  to  compres^thd.pressure  0 
springs  and  install  the  two  3/4-inch  blocks  between  thisVelease  ' 
bearing  and  spring  plate  hub  • 

'FIGURE  3  \  \ 


V 


2.   Insert  two  7/16,,-14NC^u  J^ngf  syide  studs  into  two  upper  mounting  , 
holes  of  the  flywheel        '  '  /  *•  ' 


t  i 
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3.  Slide  clutch  disc  aligning  tool  or  a  transmission  main  drive  gear,  through 
release  bearing  sleeve  and  assemble  rear  drive  disc 

(NOTE:  When  placing  driven  disc  on  aligning  tool,  be  sure  the  exposed 
portion  of  the  dTsc  damper  springs  face  the  pressure  plate  as  shown  in 
Figure  4)  •  t 

FIGURE  4 


Release  Bearing  AsS^bly 


Release  Sleeve 


Rejease  Sleeve  Retainer^ 


Flywheel  Rincj 


Adjusting  fi  in 


Pressure  Plate 

Rear  Drrten  Disc. 


Adjusting  Ring  Lock 


Pressure  Spring 


Pull-Back'Spring 
Lever     -  ^""^ 

Front  Driven  Disc 

,  -«-"**'" 

Intermediate  Drive  Plate 
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4.  Place  intermediate  plate  in  flywheel  ring,  aligning  driving  lugs  of  plate 
with  slots  provided 

5.  Place  front  driven  disc  assembly  on  aligning  tool  with  exposed  portion 
of  disc  dampen  springs  facing  the  pressure  plate  9 

6.  Position  clutch  assembly  under  flywheel- and  use  a  small  chain  hoist  to 
jack  or  lift  the  clutch  assembly  into  position  on  the  two"  assembly  guide 
studs  1  \  ■  * 

(NOTE:  tf  alignment  marks  were  made  on  flywheel  ririg.ancj^flywheel 
prior  to  removal,  align  these  before  lifting  clutch-  irfto  positiorfon  guide 
studs.) 

7.  Slide  clutch  assembly  forward  and  position  in  flywheel  pilot. 

8.  IStart  ten  retaining  cap  screws  with,  fock  washers  and  rurr  in  finger 
tight 

9.  Tap  clutch  disc  aligning  tool  in  to  make  sure  it  has  entered  and  centered 
in  the  pilot  bearing 

!  ^ 

MO.   Remove  the  two  guide  studs  and  insert  two  remaining  cap  screws 
and  lock  washers  ^ 

1 1 .  Progressively  tfghten  all  cap  screws  to'  35-40  ft  lb  torque 

>» 

(jCAUTlON:  Do  not  try  to  pull  the  clutch  into  place  by  running  one 
a  cap  screw  completely  down  with  an  impact  wrench;  this  procedure 

can  crack  or.break  the  pilot  shoulders,  causing  off-square  mounting  and 
out-of-balance  conditions.)  * 

12.  As  the  cap  screws  are  tightened,  the  3/4-inch  wooden  blocks  should 
fall  free;  if  they  do  not,  remove  the  blocks  at  this  time  and  the  clutch 
aligning  tool  #  • 

13.  Install  clutch  brak^  (fiber  washer,  steel  tang  washer,  and  a^econd  fiber 
washer)  on  the  transmission  main  drive  gear 

>4.  Install  transmission  assembly  'as  directed  in  manufacturer's  service 
manual  ' 

15.  Adjust  clutch  controls  as  directed  in  manufacturer  s  service  manual 

N.    Stop  at' this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


NSTRUCTOR  CHECK:  Procedure|~^Safety|-  ■   |lnitials|  '  [  ' 
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CLUTCHES  AND  FLYWHEELS 
UNIT  II 


JOB  SHEET  #10--DISSASSEMBLE,  INSPECT,  AND  REASSEMBLE  A 
HYDRAULIC  (WET-TYPE)  CLUTCH 


Tools  and  equipment  v- 

A.  Basic  hand  tools 

B.  "  Lint-free  cleaning  cloths  v 

C.  Tool  T  65  l-77515-A  (Ford) 

D.  Cape  chisel 

E*  Awl  1  c    c  . 

F.  Press  '  > 

G.  Tool  T  66  L-7003g4  and  handle  (Ford)  ' 

H.  Clean  transmission  fluid  ■  ^ 

'    ■  t — \  * 

I.  Clearance  gauge  : 

J.     New  bushing,  new  inner  seal,<new  outer  seal 

K.    Tool* 7000-DD  (Ford)"  "        '  ' 

-  t 

r  r 

L    Compressed.air  supply 

h 

Procedure  -  $& 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
published  by  Ford  Service  Publications©-  T968,  by  Ford  Motor  Company,  and  are 
reprinted  with  permission  the  procedure  may  be  modified  by  your  instructor 'to 
facilitate  available  equipment.)  ^ 
•  * 
A.  Prepare  component  for-dissembly  of  reverse-high  clutch  as  directed  by  your 
instructor 


B.    Remove  the  pressure  plate  retaining  snap  ring  frooi  the  reverse-high  clutch 
(Figure  1)  v  v      G  * 


C..   Remove  the  pressure  plate  and  the  drive  and  driven  clutch  plates  (Figurfc  2)' 

(NOTE:  If  the  composition  plates  are  to  be  re-used,  they  must  not  be 
cleaned  irt  a  .vapor  degreaser  or  with  a  -detergent  solution;  wipe  them  clean 
with  a  lint-free  cloth.) 

FIGURE'2  'm  L  ' 

SNAP  RING 
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*    D.    Remove  the  piston  spring  retainer  snap  ring  by  compressing  the  piston 
return  springs  with  the  tool  shown  in  Figure  3,  and  remove  the  snap  ring 

(NOTE:  As  the  tool  is  released,  guide  the  spring  retainer  to  clear  the  snap 
—       ring  groove  of  the  drum.) 

^IGURE3 


Too/  T65L-775I5-A  t>  1591-A 

E.  Remove  the  spring  retainer  and  10  piston  return  springs 

■t , 

(NOTE:  It  is  important  to  remember  the  -location  of  the  piston  return 
springs  because  they  must  be  reassembled  in  the  same  places  from  which 

,      they*are  removed.)  / . 

*■ 

F.  Remove  the  piston  by  inserting  air  pressure- in  the  piston  apply  hole  of 
the  clutch  hub  (Figure  4) 


FIGURE  4 


G.  ^Remove  the  piston  outer  seal  from  the  piston  and  piston  inner,  seal  from 
the  clutch  drum  (reffer  ta.Fjgure  2) 


114. 
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H.    Inspect  drum  bushing,  and  if  it  is  worn  or  damaged,  remove  it 

t.  *f  Use  the  cape  chisel  to  cut  a  shallow  groove  3/4  inch  in  length  along  the 
bushing  seam  until  the  chisel  breaks  through  the  bushing  wall  (Figure  5) 

(CAUTION:  To  prevent  leakage  at  the  stator  support  0-rings,  be  careful  not 
to  nick  or  damage  the  hub  surface  with  the  chisel.) 

FIGURE  5 


Cope  0*el 


\ 


J.     Pry  the  loose  ends  of  the  bushing  up  with  an  awl  and  remove  the  bushing 

K.    Position  the  drum  in  a  press,  and  press  a  new  bushing  into  the  drum  with 
the  handle  and  toolshown  in'Figure'6  *  - 


FIGURE  6 


Tool  -  T66L-7003.84 


yHondU 


L.    Instill  a  new  inner  seal  'in  the  clutch  drum  and  a  new  outer  seal  on  the 
clutch  piston  (refer  to  Figure  2) 

M.    Lubricate  the  seals  with*  clean  transmission  fluid 

N.  -  Install  the  piston  into  the  clutch  drum 

0.    Place  the  10  clutch  piston  into  position  on  the  clutch  piston 

;  •  n 

(NOTE:  The  clutch  piston  springs  must  be  placed  back  exactly  where  they 
•  came  from.) 
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P.     Place  the  snap  ring  retainer  on  .top  of  the  springs 

Q.  *  Install  the  snap  ring  retainer  with  the, tool  shown  in  Figure  3,  and  as  you 
press  down,  make  sure  the  spring  retainer  is  centered  to  clear  the  drum 

R.    Install  the  snap  ring,  and  before  releasing  the  tool,  make  sure  the  snap  ring  is' 
positioned  inside  of  the  four^snap  ring  guides  on  the  spring  retainer 

S.     Install  the  clutch  platej^lte^nately/ starting  with  a  steel  plate,  then  a  nop- 
.  .  metallic  plate;  the  last  p^te"  installed  is  the  pressure  plate  (refer  to  Figure  2) 

(NOTE:  For  the  correct  nufhber  of  clutch  plates  required  for  each  trans- 
mission, check  manufacturer's  specifications,  and  if  new  drive  plates  are 
installed,  soak  them  in  automatic  transmission  fluid  for  15  minutes  before 
assembling  them  in  the  clutch  drum.) 

T.     Install  the  pressure  plate  retaining  snap  ring  *  ♦ 

U.  Hold  the  snap^  ring  down  and  check  reverse-high  clutch  snap  ring  clearance 
with  a  clearance  gauge  to  make  sure-  clearance  is  0.050  to  0.0066  inch 
(Figure  7)  . 

(NOTE:  If  the  clearance  fs  not  within  specifications,  check  manufacturers 
specifications  for  a  selective-thickness  snap  ring  that  will  bring  the  clearance 
within  specifications.) 

FIGURE  7  . 


D1S9S.A 


V.    Have  your  instructor  check  your  work 

W.    Return  tool?  and  materials  to  proper  storage  areas 
4 
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CLUTCHES  AND  FLYWHEELS 

UNIT  II  * 


JOB  SHEET  #11«CHECK  FLYWHEEL  RUNOUT 


r 


Tools  and  equipment 

A.  Basic  hand  tools 

B.  Shop  towelT^^ 

C.  '  Dial  indicator 


D.  «  Wire^rush 

E.  Safety  glasses 
Proqedure 

A:    Clean  clutch  contact  surface  and  rim  edge  of  flywheel 
B.    Set  up  dial  indicator  (Figure  1) 
FIGURE  1 


Courtesy  Caterpillar  ♦ 

C.  Rotate  the  flywheel  to  determine  the  amount  of  .runout  and  check  to  see 
if  it  is  within  manufapturer's  specifications 

t 

(NpTE:  Hofd  crankshaft  in  one'  direction  while  turning  to  prevent  end 
play  from  affecting  reading.)  -  -  ^ 

V 

D.  Check  both  clutch  disc  contact  surface  and  rjm  edge  (Figure  1),  and  check 
both  with  manufacturers  specifications 
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i 

JOB  SHEET  #12--REMOVE  AND  REPLACE  A  FLYWHEEL  RING  GEAR 


I.  Tools  and  equipment 

A.  Basic  hand  tools  *  '  ) 

B.  Wire  brush  » 

C.  Acetylene  torch 

D.  Wood  block  -  e 

E.  Safety  glasses  \ 

II.  Procedure  v 

A.  Support  the  flywheel,  ring  gear  side  down,  on  a  solid  flat  surface  of  wood 
block  which  is  slightly  smaller  than  inside  diameter  of  the  ring  gear 

(NOTE:  Check  to  see  if  ring  gear  teeth  are  chamfered  [have  beveled  edges] , 
and  place  new  ring  gear  in  same  direction.)  ■ 

B.  D^ive  thVffng  gear  off  the  flywheel  with  a  suitable  drift  and  hammer 
(CAUTION:  Do  not  strike  the  flywheel.)  ^ 

C.  Work  around  the  circumference  of  the  gear  to  avoid  binding  of  the  gear 
on  the  flywheel"  •  .  -  • 

(NOTE  \  Some  ring  gears  may  have  to  be  heated  for  removal.) 

D.  If  heat  was  used  to  remove  ring  gear,  allow  flywheel  to  cool  and  turn  fly- 
wheel over  on  a  solid  flat  surface 

E.  Rest  ring  gear  on  a  fire  brick  surface 

(NOTE:  Never  heat  on  a  concrete  floor.)  *  s 

F.  Heat  the  gear  uniformly  with  an  acetylene  torch,  keeping  the  torch  moving 

ar'ound.the  gear  to  avoid  hot  spots 

^  •  » 

(CAUTION:  Do  not,  under  any  circumstances,  heat  the  gear  over  400°F 
[204°C] ;  excessive  heat  may  destroy  the  original  heat  treatment-.and-the 
teeth  will  be  softeoed.)  . 

(NOTE:  Heat  indicating  "crayons,"  which  are  placed  on  the  ring  gear  and 
melt  at  a  predetermined  temperature;  may  be  obtained  from  most  tool, 
venders.)  ~ 
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G.-    Use  a  pair  of  tongs  to  place  the  gear  on  the  flywheel  with  the  chamfer,  if 
„  any,  teeing  the  same  directijyi  as  on  the  gear  just  removed  (Figure  1) 


H.    Tap  the  gear  in  place  against  the  shoulder  on  the  flywheel  with  a  brass  drift 


CLUTCHES  AND  FLYWHEELS 
UNIT  II, 
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NAME   

TEST 

1 .  Match  the  terms  on  the  right  with  their  correct  definitions. 


a.  Heavy  metal  disc  which  has  a  friction  surface 
"\  for  clutch  plate,  supports  all  of  the  clutch 
components,  and  provides  gear  teeth  on  outer 
,  \riro  for  starting-motor  operation 


b.  Bearing  located  »in  the  flywheel  flange  of  the 
"     crankshaft  which  allows  for  correct  support 
and  ,  alignment  of  transmission  input  shaft 

_c.  Resistance  to  movement  between  any  two 
objects  placed  in  contact  with  each  other 


ftp 
Mat 

Trar 


vides  a  friction  surfa'ce  between  pressure 
ate  and  flywheel,  and  is  splined  to  fit  the 
Vansmission  input  shaft 


_e.  Mounted  to  the  flywheel  and  supplies  the 
"■■  force  that  holds  the  clutch  plate  against 
r"  the  flywheel,  causing  the  flywheel,,  clutch 
disc,  and  pressure-  plate  to  rotate  as  one 


 f.  Houses  the  release  levers,  springs,  and  pressure 

plate 

^_g.-  Also  knownt  as  a  throw-out  bearing;  used 
-  to  activate  the  release  levers  or  diaphragm 

:    )    ■  *      '  ■ 
 h.  Y-shaped'  lever  inside' clutch  housing  used  to 

engage  and  disengage  clutch 


I;  ,  The  distance  a  clutch  pedal  must  travel 
^    from  its  normal  position  to  the  point  at 

which  the  throw-out  bearing  engages  the 

release  levers 

j.  Time  it  takes  for  the  clutch  disc  to  stop 
spinning  afteij  clutch  release 

k.  Acts  as  a  pivot  for  release  fork  - 


1. 

Slave  cylinder 

2. 

Freetravel 

3. 

Pressure  plate 

4. 

Clutch  housing 

5. 

Flywheel 

6. 

Release  fork 

ball 

7. 

Friction 

8. 

Clutch  disc 

spin  time 

9. 

> 

Pilot  bearing 

10. 

Clutchjdisc 

11. 

Release  fork 

12. 

Clutch  cover 

I.   l^sed  on 'hydraulic  clutch  system  to  transmit 
pressure  to  the  throw-out  lever 
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m.  A.  hydraulic  device  that  forces  hydraulic 
pressure  to  a  slave  cylinder  to  disengage 
the  clutch;  it  also -activates  hydraulic  brakes 


n.  Covers  flywheel  clutch  assembly,  provides 
surface  to  bolt  transmission  to  engine 


13.  .  Clutch  release 

bearing  v 

14.  Clutch  brake 

15.  Master  cylinder 


 o.  A  mechanism  on  the  input  shaft  which  helps 

slow  the  rotation  of  the  input  shaft  and 
the  clutch  disc  to  make  shifting  easier 

2.  Identify  the  components  of  the  basic,  clutch  assembly  in  the  following  illustration. 


127 


Identify  the  parts  of  the  flywheel  in  the  following  illustration. 


a.- 


Select  fronrY  a  list  the  functions  of  the  flywheel  by  placing  an  "X"  in  the  correct  blanks* 


a.  Supplies  power  to  operate  electrical  two-speed  axle 

b.  Ring  gear  is  mounted  around  the  circumference  of  flywheel  to  provide  a 
means  for  starting 


c.  Operates  the  push  rods  for  intake  and  exhaust  valves 


d.  Stores  up  energy  during  power  .stroke  and  delivers  energy  back  during 
-the  other  strokes 


e.  A  flat  outer  surface  is  machined  smooth  to  provide  a  friction  surface  for  the 
clutch 


5.  Identify  the  parts  of  the  dry-type  disc  clutch  in  the  following  illustration. 


6.  Match  types  of  clutches  with  their  descriptions.  , 


a.  One  or-  more  plates  are  brought  together 
to  transmit  torque 


v 


b.  An  outside  band  is  tightened  over  a  rotating 
part  to  transmit  torque 

c.  Engagement  is  allowed  in  one  direction, 
but  the  unit  freewheels  in  the  other 

jl  A  magnetic  field  holds  two  parts  together, 
allowing  them  to  rotate  as  a  unit 

_e.  Two  cone-shaped  parTs  are  engaged  to  trans% 
mit  torque 

_f.  An  inner  shoe  is  expanded  to  contact  an 
outer  part. to  transmit  torque 

g.  A  pressure  plate  is  forced  indirectly  over 
levers  and  links  against  the  clutch  disc; 
as  the  cliJtch  is  engaged,  the  levers  and  links 
'come  over  the  center  of  the  pivot  point  and 
lock  the  engagement 


1.  Overrun nmg-type 

2.  "C^ne^pey 

3.  Disc-type 

4.  Band-type 

5.  Expanding-shoe- 
type- 

6.  Magnetic-type 

7.  Over  c^hter-type 
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8.   Distinguish  between  a  disengaged  and  an  engaged  clutch  by  writing  engaged  or  disen- 
gaged under  the  appropriate  illustration. 


9.  Match  types  of  clutch  linkage  mechanisms  with  their  functions. 


a.  This  method  uses  a  series  of  levers  and  rods 
connecting  the  foot  pedal  to  the  throw-out 
fork 

_b.  A  master  cylinder  is  connected  to,  and 
actuated  by,  the' clutch  pedal;  the  pressure 
created  by  depressing  the  foot  pedal  is  trans- 
mitted to  the  .slave  cylinder  through  high 
pressure  hoses;  this  slave  cylinder  is  mounted 
near,  and  connected  to,  the  throw-out  lever  or 
fork 

_c.  This  mechanism  uses  compressed  air  and 
hydraulic  assembly  supply  power  for  clutch 
operation  on  vehicles  equipped  with  a  hydrau- 
lic clutch  cylinder 


1. 
2. 


'Air  operated 

Electrically 
operated-  •  \ 


3.  Mechanical 
4.. 


linkage 


Hydraulic  4 
operated 


Direct-action  clutch  consists  of  a  field  coil 
assembly,  rotor  unit,  face  plate,  condenser, 
and  an  '  operating  switch;  indirect-action 
clutch  consists  of  a  driving  member  contarn- 
ing  a.  coil,  an  inner  driven  member,  and  a 
mixture  of  magnetizable  metal*  and  dry 
lubricant  ,  .  % 
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Select  from  the  fotlowing  list  conditions  to  'ook  for  during  dutch*  inspection  by 
placing  an  "X11  ir>  the  appropriate  blanks. 


a/  Slight  chatter  marks 
_b.  Drive  line  vibration 
c.  Excessive  finger  wear 


j  d.  Incorrect-gear  select  or  adjustment 

 e.  Incorrect  clutch  linkage  adjustment 

 f.  Normal  finger  wear 

 g.  Broken  engine  motor  mounts 

h.  Excessive  heat  discoloration 


Select  from  the  following  list  symptoms-that  may  occur  when  a  clutch  housing  bore 
has  excessiye  runout  by  placing  an  "X"  in  the  appropriate  blanks. 

 a.  Broken "Vhotor  mounts 

b.  Pilot  bearing  noise 

 .  c-  Rough  engine  idle 

 d.  Starter  gear  breakage 

 e.  Transmission  jumping  out  of  gear 

 f.  Drive  line  vibration 

 g.  Excessive  clutch  spin  time 

h.  Excessive  transmission  gear  wear  or  noise 


Match  clutch  malfunctions  with  probable  causes. 

*  a..  Water  contaminated  clutch  disc  rusted  to 

'  flywheel  and  pressure  plate 

 b.  Worn  or  misaligned  linkage;  release  bearing 

dragging  on  support 

 c.  Uneven  pressure  plate  fincjer  height 

d.  Pressure  plate  not  releasing  due  to  improper 
'  linkage^djustment;  broken  pivots  in  pressure 
pla*e  * 

 e.  Oil    contamination    on    clutch  assembly; 

broken;  motor  mounts;  glazed  clutch  surface 
from  being  overheated 


1.  "Drag 

2.  Grab 

3.  Freezing 

4.  Pulsating  pedal 

5.  Chatter 
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_f:  Pressure  plate  sipring^tension  weak;  excessively 
worn  clutch  disc;  oil  contamination;  improp- 
erly adjusted  clutch  linkage  • 

_g.  Oil  contamination;  clutch  disc  glazed  from 
overheating;  warped  pressure  pfate  or  fly- 
wheel; weak  pressure  plate  spring 

_h.  Worn  or  dry  pilot  or  release  bearing  when 
clutch  is  disengaged;  pitted  clutch  shaft 
bearing  when  clutch  is  engaged  with  trans- 
mission in  neutral 


6.  vBinding\ 

7.  Bearing  noise 
,8.  Slip 


13.   List  three  purposes  of  a  dual  disc  clutch.; 


b. 
c. 


14.  Demonstrate  the  ability  to: 

a.     Adjust  cjutch  linkage  free  travel. " 
*    b.    Adjust  free  travel  on  a  pull  type  clutchT 

c.  Remove  a  clutch  assembly. 

d.  Inspect  a  clutch  di$c  * 

e.  '  Check  a  clutch  housing  alignment. 
Inspect  a  pressure  plate  and  cover. 


f. 

g. 


Inspect  a  pilot  bearing  and  pilot  bushing. 


h.  Replace  a  clutch  assembly." 

i.  Remove,  inspect,  repair,  and  reinstall  'a,  15  1/2-inch  dual  disc  clutch. 

j.  Disassemble  a  hydraulic  ^utch  (wet-type). 

k.  I  nspect  parts  of  a  hydraulic  clutch. 

I.  Reassemble  a  hydraulic  clutch.  '        >  \* 

m.  Check* flywheel  runout. 

n.  Remove  and  replace  a  flywheel  ring  gear. 

o.  Remove,  overhaul,  reinstall,  and  adjust  an  over  center  clutch. 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  ttie  test,  ask  your 
instructor  when  they  shoCild  be  completed,)  r  * 


isk  you 

4 
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CLUTCHES  AND  FLYWHEELS 
UNIT  II 


ANSWERS  TO  TEST 


1.  a.  5  f.     12  k.  t  6 

b.  9  g.     13  I.  3 

c.  7  h.     11  m:  15 

d.  10  i.     2  h.,.  4 
e;  3.                j.     8  *  o.  •  14 

2.  a.g  Clutch  pilot  bearing 
•b.  Flywheel  ring  gear> 

c.  '  '  Clutch  disc 

d.  Pressure  plate  V>- 

e.  Release  fork  ball 

f.  m*  Clutch  release  fork 

g.  •  Clutch  release  bearing 

*   h.  Flywheel       "»  .  - 

3.  a.  Rinjggear 

b.  Flywheel  ■ 

c.  Clutch  pilot  bearing  bore 
\j.  Flywheel 

e.  Clutch  disc  contact  surface  .  , 

4.  b,  d,'e  -  .  *    '  « 

V 

5.  a.  Friction  ring  , 

b.  Hab  flange 

c.  Stop  pin 

d.  Cushion  springs       .  L  . 

e.  Torsional  coil  springs  r  t 

f.  Facings       .  . 

g.  Drive  washer 

6.  a.  3  ,  e'.     2  . 

b.  4  :  f.'  5 

c.  1       '     -     g.  -7  * 

d.  6 

7.  a.  Coil  springs  ^ 

b.  .  piaphragm  spring 

c.  Centrifugal  and  c6il  spring  ■  4 

d.  Pull  type 

8.  a.  Engaged 

b.  •  Disengaged  *  , 
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9.  a.  3 

•    b."  x  4 


c. 
d. 


1 

2 


'10.  a,  c,  f,  h 
11.  b,  e,  f,g,  h 


12.  a. 
-  b. 
c. 
d. 


,  3 
6* 
4 
1 


e.  2 

f.  8 

g.  5 

h.  7 


13.  Any  three  of  the  following: 

a.  •  For  equipment  with  heavy  loads 

b.  For  engines  with  high  torque  and  horseppwer 

c.  Allows  more  friction  surface  area  > 

d.  Doesn't  put  an  excessive  load  on  one  clutch  disc 

e.  Allows  vehicle  to  start  moving  without  jerking  or  jumping 


Performance  skills- evaluateeUio  the  satisfaction  of  the  instructor 
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TORQUE-CONVERTERS  AND  FLUID  DRIVES 
UNIT  III    '  . 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  identify  the  parts  of  a  torque 
converter  and  discuss  the  operations  df  the  pump,  stator,  and  turbine  in  torque  converter 
operation.  The  student  should  also  be  able  to  drain  and  refill  a  torque  converter,  check  for 
oil  leaks,  and  test  a  torque  converter.  This  knowledge  will  be  evidenced  by  correctly  per- 
forming the  procedures.outlined  in  the  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  'torque  converters  and  fluid  drives  with  their  correct 
definitions. 

2.  Select  true  statements  concerning  how  a  basic  fluid  coupling  works. 
'  3.   Identify  the  parts  of  a  torque-converter.    4*  ■ 

*  -    4.  Match  torque  converter  parts  with  their  functions.- 

5.  Match  types  of  fluid  flow  in  torque  converters  with  their  characteristics. 

c  * 

6.  '  Complete  statements  concerning  the  operation  of  a  twin-turbine  tQrque  converter.^ 

7.  Select  'true  statements  concerning  the  operation  of  a  lockup  clutch  converter. 

8.  Demonstrate  the  ability  to:  t 

a.  Drain  and  refill  a  torque  converter.       :      /  > 

b.  ^Ffeck  for  oil  leaks. 

>>        c.     Test  a  torque  converter.  *     » •  :       " « 


\ 
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TORQUE  CONVERTERS  AND  FLUID  DRIVES 
UNIT  IN 


SUGGESTED  ACTIVITIES 


'  II 
III 
IV 
V 
VI 
VII 


VIII.. 
IX. 

X. 


Provide  studentNwith  objective  sheet.  «■  " 

Provide  studenj  with- information  and  job  sheets.  * 
.  Make  transparencies. 

Discuss  unit  and  specific  objectives.         x  ~ 
Discuss  informatioij  sheet. 

Demonstrate  and  discuss  the  procedures  outfined  in  the  job  sheets.  * 

Impress  upon  students  that  the  job  sheets  in  this  unit  are  basically  maintenance 
procedures;  checking  end  play  on  a  torque  converter;  disassembly,  inspection,  and 
rebuilt  of  a  stator  assembly;  and  disassembly  and  inspection  of  a  torque  converter 
are  all  presented  as  job  sheets  in  UNIT  V,  AUTOMATIC  TRANSMISSIONS,  so 
the  student  will  better  understand  the  relation  of  the  torque  converter  to  the 
transmission  and' other  components  in  the  power  train. 

Invite  a  guest  speakerlrom  industry  to  come  to  class  and  talk  to  students  about 
torque  converters. 

Take  a  field,  trip  to  a  company  that  rebuilds  torque  converters  and- automatic 
1  transmissions. 


Give  test. 


INSTRUCTIONAL  MATERIALS 

Included  ip  this  unit:  ' 
A:    Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1 -Operation  of  a  Basic  Fluid  Coupling 

2.  TM '2 -Operation  of  a  Basic  Fluid  Couplfng  (Continued) 
,    3.    TM  3-Parts  of  a  Fluid  Coupling 

4.  '  TM  4-Parts  of  a  Torque  Converter  m  . 

5.  TM  5-One-way  Roller  Clutch  and  Stator  Assembly 
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6.  TM  6-Fluid  Flow 

7.  TM  7--Twin  Turbine 

8.,    TM  8-Lockup  Mechanism 
Job  sheets 

1 .  Job  Sheet  #1 -Drain  and  Refill  a  Torque  Converter 

2.  Job  Sheet  #2--Check  for  Oil  Leaks 

3.  Job  Sheet  #3~Test  a  Torque  Converter 
Tfest  ' 


F..v  Answers  to  test  *  * 
References: 

A.  Stockel,  Martin  W.  Auto  Service  and  Repair,  South  Holland,  IL:  The 
Goodheart-Wilcox  Co.,  Inc.,  1969. 

B.  Notgrass,  Troy.  The  Automotive  Power  Train  Mechanic.  Austin,  TX:  Instruc- 
tional Materials  Service  Division  of  Extension,  The  University  of  Texas  at 
Austin,  1973. 

C.  1968  Ford  Truck  Shop  Manual.  Dearborn,  Ml:  Ford  Service  Publications, 
•  1968. 

D.  Forier,  Louis  C.  Motor  Trucks  and  Diesel  Repair  Manual.  '33rd  Edition. 
New  York,  NYJ0010:  Motor,  1980. 

E.  Fundamentals  of^^rVf^t^ower  Trains.  Mbline,  IL  6126J?:  John  Deere 
Service  Publications,  Dept.  F"  1972.  + 


F.    HydraJmatic  THM200  Principles  of  Operation 
Motors  Corporation,  1975.  , 


tfJVII  48197:  General 


G.    Allison  Transmissions  Service  Manual.  Indianapolis,  IN  46206:  Detroit 
Diesel  Allison,  1979.  ■ 


\al.  Detroit,  Ml:  General  Motors; 


H.  198b  Light  Duty  Truck  Chassis  Service  Manl 
Corporation,  -197& 

I.  •   Dallas  Independent  School  District.  Qiesgl  Technology  Studem  Learning 

Plan.  New  York,  NY":  Harper  and  Row,  Publishers',  Inc.,  1975.  \\ 
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TORQUE  CONVERTERS"  AND  FLUID  DRIVES 
UNIT  III 


.  INFORMATION  SHEET 


ERJC 


I.  Terms^and  definitions  ■  ' 

J  r  A.  Torque  converter-Serves  as  a  fluid  coupling  to  smoothly  connect  engine 
power  through' oil  to  the  transmission  gear  train  and  multiplies  the  torque 
effort  from  engine  * 

B.  '-  Fluid  drive--A  pair  of  vaned  rotating,  elements  held  in  position  close  to  each 

other  without  touching;  rotation  is  transferred  to  the  driven  member  by  this 
driving  member  through  the  resistance  of  a  body  of  oiP  \ 

C.  '  Turbine-A  wheel  upon  which  a  series  of  angled  vanes  are  affixed  so  that  a 

moving  column  of  liquid  will  impart  a  turning  rpotioji 

D.  StatoMrr  a  torque  converter,  the  third  member  which  redirects  fluid  direc-  ' 
tion  under  certain  operating  conditions  ,  \_^t 

E.  Pump-A  device  which  produces  motion  in  a  liquid,  in  a  torque  converter 
N  it  is  the  driving  member  j  . 

f\     Hydraulic-Refers  to  fluids  in  motion- and  the  science  of  fluids  in  motion 

G.  Transmission  stall  test--A  test  made  while  the  output  shaft  is  braked  and  the 
engine  is  running  at  full  throttle;  the  recorded  engine  speed  is  then  compared 
with  normal  speed  from  an  engine-converter'chart  to  see  whether'or  not  the 
engine,  torque  converter,  and  transmission  are  performing  satisfactorily  as  a 
unit* 

H.  Torque  multiplication-Increased .  pump  speed  and  oil  flow  restricted  by 
stator  which  puts  a  twisting  force -on  turbine    0  ^ 

I.  Fluid  coupling-A  unit"  that  transfers  engine*  torque  to  the  transmission 
*  input  shaft  through  the  use  Of  two  vaned  units  operating  very  close  together 

in  a  bath  of  oil  ,  . 

J.  Velocity-Thea.  rate  of  motion  or  speed  at  which  something  (fluid  for 
instance)  moves 

II.  .  How  a  basic  fluid  coupling  works  (Transparencies  1 ,  2,  and  3)  - 

.    A.    A  fluid  at  high  velocity  strikes  a  turbine  and  forces  it  to  turn,  driving  the 
wheel 

(NOTE":  Torque  is  transmitted  by  a  fluid.) 

'  B.     Placing  two  fans  facing  each  other  and  turning  one  fan  will  cause  the  other 
fan  to  turn 

(NOTE:This  principle  is  used  in  a  fluid  coupling.)  m'  *  ~ 

C.    When  fluid  is  not  in  motion  it  lies  level  in  a  bowl 

*  •  * 
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D.  When  the  bowl  is  spun  rapidly,  centrifugal  force  causes  the  f fu id  toclimb  up 
*and  over  the  outside  edge- of  the  bowl 

E.  /  When  apother  bowl, replaced  dovyn  over  the  first  one,  and  when  the  bowls 
«  are^spun,  an  axial  fl^w  is  created  and  turning  force  is  transmitted  between 

the  driving  bowl  and  th^driven  bowl 

•  -", 

III.  Parts  of  a  torque  converter  (Transparency^) 

A.  Pump  (clriving  member)  , 

B.  Turbine  (driven  member)  -  ^  .  . 

C.  Stator  (reaction  member) 

IV.  '     Torque  converter  parts  and  their  functions  (Transparency  4) 

A.  Pump  (impellef) 

rj.  The  converter  cover  is  secured  to  pump  to  seal  all  three  members 
in  an  oil  \Hlefl  housing      .  *  x 

'      /  > 

*  (NOTE:  Torque  converter  part,  names  .vary  withrtype  and  manufac- 
turer.) *  _    ,  - 

•  .  *  * 

X 

2.  Converter  cover  is  bplted  *o  the  flexplate  Which  is  bolted  to  the  engine 
crankshaft         &  *  * 

*  3."  The  converter  pump  turns  the  samaspeed  <as'*engine 

4.  When  engine  is  runnincrthe  pump  is  spinning;  it  acts  as  a  centrifugal 
pump  ,  H 

/5t  The  pump  pickV^te^oil  up  at  the  pump's  center  and  discharges  the 
orl  at  its  rim  between  the  blades        0  ^ 

6.  The  blades  cause  the  oil  to  leave  pump'spinning  toward  the  blades 
of  the  turbine 

B.  Turbine  (Transparency  4) 

r  1 .  Turbine  is  connected  to  the  input  shaft  of  transmission 

2.  When  oil  from  the  pump  strikes  the  turbine  blades,  it  transfers  a  force 
to  the  turbine  causing  it  to  turn  .  - 

L3.  When  the  engine  is  idling^and  converter  pump  is  not  spinning  fast,  the 
force  of  the  oil  leaving  pump  is  hot  great  enough  to  turn  the  turbine 
with  any- efficiency 

4.  As  engine  speeds  up,  the  pump  speed  increases,  and  the  force  of  oil  is 
greater  to  turn  turbind' 
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C.  Slator 

TTTTie  stator  is  located  between  the  pump  and  turbine 

2.  It  \s  mounted  on  a  one-way  roller  clutch  which  allows  it  to  rotate  one 
way  but  not.the  other  (Transparency  5) 

3.  It  redirects  the  oil  from  turbine  and  changes  its  direction  of  rotation 
-back  to  that  of  the  pump  member  • 

4.  The  energy  of  the  oil  is  then  used  to  assist  the  engine  in  turning  pump  „ 

* 

5.  This  increases  the  force  of  the  oil  driving  the  turbine,  and  as  a  result 
this  multipliesthe  torque  or  twisting  force 

Types  of  fluid  flow  in  torque  converters  affr  their  characterises 

A.  Rotary.  flow-The  instant  the  torque  converter  impeller,(pump),  which  is 
driven  by  the  engine  flywheel,  starts  rotating,  the  oil  spins  around  with  it 
(Transparency  6) 

B.  •  Vortex  flbw-The  converter  turbine,  connected  to  the  input  sha^,  resists  . 

turning  as  the  oil  strikes  its  blades;  because  of  this  resistance  and  because  of 
the  shape  of  the  blades,  the  oil  takes  a  second  path  of  travel  crosswise 
(Transparency  6) 

C.  Kinetic  energy-The  more  oil  entering  the  pump  from  the  stator,  'and  the 
more  the  turbine  resists  turning,  the  greater. the  velocity  of  the  vortex  flow 
of  oil  circulating  in  the  converter  and  the  greater  the  torque  multiplication  , 

Operation  of  a  twin-turbine  torque  converter  (Transparency  7) 

A.  When  torque  demand  is  high,  the  freewheel' clutch  is  Engaged  and  the  first 
turbine,  assisted  by  the  second  turbine,  drives  the  gears  - 

(NOTE:  The  first  turbine  provides  high  torqtte*and  low  speed  for  starting 
up  and  loading;)  > 

B.  When  the  machipe^peeds  up,  torque  demand  drops,  andthe  second  turbine, 
takes  over  the  entire  load  and  the  freewheel  clutch  disengages  the  first 
turbine 

(NOTE:  The  second  turbine  prqvides  higher  speed  with  lower  torque  for 
travel.)    *  ■ 

Operation  of  a  lockup  clutch  converter  (Transparency.  8)-  p 

A,  Located  inside  of  torque  converter  housing 

B.  It  operates  at  higher  speeds  and  higher  gear  range 
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C.  When  the  lockup  clutch  is  applied,  the  converter  elements  (pump,  turbine, 
and  stator)  rotate  as  a  unit  at  engine  speed 

D.  This  provides  a  direct  drive  from  the  engine  to  the  turbine  shaft 

E.  When  the  lockup  clutch  is  applied,  slippage  is  eliminated 
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Operation  of  a  Basic  Fluid  Coupling 


Fluids  at  high  velocities, can  transmit  power. 


Turbine 


One  part  can  drive  another  part  by  force  of  air  or  oil. 

(  Courtesy  DEERE  &  CO.,  MQJLINE,  I  I'- 

ll •     /       '  .  < 

— ■        1  ^  3       !-      '       *■  * 


Operation  of  a  Basic  Fluid  Coupling 

(Continued) 


Fluid  lies 
level  in  bowl. 


Bowl  is  spun 
and  fluid 
spills  out. 


Torque  is 
transmitted  to 
upper  bowl  by 
force  of  fluid. 


ERIC 


114 


Courtesy  DEERE  &  CO.,  MO  LINE,  IL 


«  V 
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Parts  of  a  Fluid  Coupling 


One  member  of  the  coupling  is  mounted 
on  the  driving  shaft  and  the  other  member 
is  mounted  to  the  transmission  shaft. 


Parts  of  a  Torque  Converter 

s 


Turbine 


Stator 

From 
Engine 


Turbine 


Pump 
(Impeller) 


To  Drive 
Wheels 


Stator 


Pump 


Courtesy  DEERE  &  CO.,  MOLINE,  IL 


Pump 


Turbine 


Stator 


Courtesy  General  Motors  Corporation 


One-Way  Roller  Clutch  and  Stator  Assembly 


Energizing  Springs 
Rollers  \    r-  Outer  Race  (Cam) 


Roller  Clutch 

Clockwise  forces  on  cam  lock  rollers  to 
inner  race.  Clockwise  forces  on  cam 
cause  rollers  to  overrun  inner  race. 


Stator 
Locks  Up 


Stator 
Overruns 
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Stator  Assembly 

Courtesy  General  Motors  Corporation 
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Fluid  Flow 


Turbine 


Stator 


Pump 


Pump*» 


While  torque  is  increasing- 
more  vortex  flow- 
pump  is  turning  faster. 


While  torque  is  decreasing- 
more  rotary  flow- 
pump  and  turbine 
reach  same  speed. 


Courtesy  DEERE  &  CO.,  MO  LINE,  IL 
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Twin  Turbine 


V 


Converter  Pump    Second.Turbine  Drive 
Second  Turbine 


First  Turbine 


Input 


Converter  Stator 


First-Turbine  Drive 
Planetary 

Fojward  Clutch 

High  Clutch 


Freewheel  Clutch 

Transfer  Drive  Gear 

Output' 
Transfer  Driven  Gear^ 


Courtesy  DEERE  &xCO.,  MOLItyE,  IL 


Lockup  Mechanism 


Lock  Up 

Mechanism 

 i  ■  I 


Turbine 
Thrust 
Spacer 

Converter  Housing  Pressure 
Cover  Assembly  Plate 

Assembly 


Pressure 
Plate 

Spring     /  Stator 

Turbine  Assembly 
Assembly 


Thrust 
Bearing 
Assembly 


Converter 

Pump 

Assembly 
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TORQUE  CONVERTERS  AND  FLUID  DRIVES 
.    •  UNIT  III  '  •  - 


JOB  SHEET  #1-DRAIN  AND  REFILL  A  TORQUE  CONVERTER 


T&ols  and  materials 

A.  Basic  hand  tools 

B.  Drop  light 

C.  Drain  pan 

D.  Funnel 

E.  Creeper  * 

F.  Shop  towels 

G.  Safety  glasses 
Procedure  ...  .  ^    *s,    „  . 

A.  Make  sure  fluid  is  at  normal  operating  temperature  to  insure  proper  drainage 

(CAUTION:  Be  careful  when  draining-as  the  fluid  rfiay  be  hot  enough  to 
produce  serious  burns.) 

B.  Remove  the  converter  drain  plug  (Figure  1 ) 

(NOTE:  Some  transmissions  require  draining  both  the  converter  and  oil 
pan;, some  require  draining  the  oil  pan  [case]  only.) 


FIGURE  1 


4ft 


Torque4 
Converter 


Automatic 
Transmission 
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job;sheet#i 

>  ■  .  * 

C.  Install  tha  converter  drain  plug  and  torque  as  specified  , 

(NOTE:  Converter  plugs  are  made  of  relatively  soft  material  and  should 
no£be  overtightened.) 

D.  Add  the  required  amount  of  new  fluid  BEFORE  starting  engine 
-  >  (NOTE:  Fill  with  manufacturer's  specification  oil.) 

E.  Start  engine;  move  shift  lever  through  all  drive  ranges,  and  return  to  park 

(NOTE:  Be  sure  to  shift  lever  in  all  ranges  to  insure  fluid  to  all  valves  and 
clutches.) .    *  • 

F.  Idle  engine  to  heat  up  fluid,  and  check  level  when  hot 
G;-  Add  more  fluid  if  needed,  but  DO  NOT  OVERFILL 
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TORQUE  CONVERTERS  AND  FLUID  DRIVES 
'  UNIT  III 


-JOB  SHEET  #2--CHECK  FOR  OIL  LEAKS 

/*««* 

Tools  and  materials  * 

A.  Basic  hand  tools  ' 

B.  Shop  towels  *  j? 

C.  Drop  light  ,  -  • 
P.  Creeper 

E.  Jaqk,  blocks,  and  safety  stands 

F.  Safety  glasses 
Procedure 

A.  Jack  vehicle  and  block  up  fqr  safe  inspection 

B,  Remove  the  converter  housing  inspection  pan  and  clean  the  converter 
'C.    Clean  inside  of  housing  and  blow  dry 

D.  Run  engine  at  fast  idle  to  bring  the  transmission  fluid  to  normal  operating 
temperature 

E-    §h]ft  transmission  through  all  drive  rartges  to  force  fluid  through  all  tines 
F.    Watch  carefully  for  the  first  sign  of  a  fluid  leak 


:-•  '  JOB  SHEET  #2 

G.    Determine  if  fluid  is  coming  from  transmission  or  from  engine  (Figure  1) 

FUGURE  1  v~  ».;•"- 


CONVERTS*  OAAIN  PLUG  LEAKO* 
CONVfRTf«4Q  FLYWHEEL  STuO 


CONVE  RT  M  MOUSING 


Courtesy  Ford  Motor  Company 


(NOTE:  Converter  leaks,  other  than  a  leaking  drain,  as  well  as  front  seal 
leak,  usually  require  transmission  removal.) 
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TORQUE  CONVERTERS  AND  FLUID  DRIVES. . 
UNIT  III 


\)OB  SHEET  #3~TEST  A  TORQUE  CONVERTER 


I.  Tools  and -materials 

\ 

A.  Basic  hand  tools  • 

B.  Shop  towels  •  * 

C.  Wooden  block  '  . 

D.  Safety  glasses 

II.  Procedure 

A.  *  Block  vehicle  '  < 

B.  Check  the  fluid  level  in  transmission 

C.  Start  the  engineand  warm  the  engine  and  transmission  to  operating  tempera- 
ture ' 

D.  Shift  transmission  shift  lever  into  each'gear  range 

(NOTE:  Never  allow  the  transmission  to  heat  up  beyond  the  maximum 
operating  temperature.) 

E.  Attach  the  necessary  temperature  and  pressure  gauges  to  the  converter 

F.  Check  with  service  manual  for  these  tests  on  the  torque  converter: 

.  1.   Main  pressure  (at  full  throttle-no  load)  ' 

2.  Converter-out  pressure 

3.  Converter-in  pressure,  rf  required 

4.  Lubrication  pressure 

5.  Converter-out  temperature  •  ■*  - 

G.  Perform  a  transmission  stall  test 

m  - 

(NOTE:  Be  sure  to  check  service  manual  on  type  of  transmission  before 
conducting  stall  test.  Some  manufacturers  do  not"  recommend  this  test.) 

H.  Brake  the  output  shaft  and  run  the  engine  at  full  -throttle  while  conducting 
the  stall. test 
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.     TORQUE  CONVERTERS  AND  FLUID  Dpi 

UNIT  1 1 1 


Match  the  terms  on  the  right  with  their  correct  definitions. 

a.  Serves  as  a  fluid  coupling  to  smoothly  con- 
.  nect  engine  power  through  oil  to  the  trans- 
mission gear  train  and  multiplies  the  torque 
effort  from  engine 

 b.  A  pair  of  vaned  rotating  elements  held  in 

position  close  to  each  other  without  touching; 
rotation  is  transferred  to  the  driven  member 
I      by^this  driving  member  through  the  resistance 
I     of  a  body  of  oil 

^d.  A  wheel  upon  which  a  series  of  angled  vanes 
'  *     are  affixed  so  that  a  moving  column  of  liquid 
will  impart  a  turning  motion  . 

 d.  In  a  torque  converter,  the  .third  member 

which  redirects  fluid  direction  under , certain 
operating  conditions  .  •     .  • 

 e.  A  device  which  produces  motion  j*n  a  liquid, 

in  a  torque  converter  it  is  the  driving  member 

 f.  Refers  to  fluids*  in  motion  and  the  science 

of  fluids  in  motion 

 g.  A  test  made  while  the  output  shaft  is  braked 

and  the  engine  is  running  at  full  throttle;  the 
recorded  engine  speed  is  then  compared  with  , 
normal  speed  from  an  engine-converter  .chart 
to  see  whether  or  not  the  engine,  .torque 
converter,  and  transmission  ard  performing 
,  satisfactorily  as  a  unit 

j  h.  Increased  pump  speed  and  oil  flow  restricted 

by  stator  which  puts  a  twisting  force  on 
turbine     #  ■  - 

i.  A  unit  that  transfers  engine  torque  to  the  * 


1.  Hydraulic 

2.  <■  Velocity 

3.  Transmission 
stall  test 

4.  Pump 

5.  Torque 
multiplication  * 

6.  Turbine 

7?  Fluid  coupling  - 

8.  Torque  converter 

9.  Stator 

10.  Fluid  drive 


NAME 


TEST 


\ 


j.  '  The  rate  of  motion  or  speed  at  which1  some- 


thing moves 


0 
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Z,  Select  true  statements  concerning  how  a  basic  fluid  coupling  works  by  placing  an 
"X"  ir>  the  appropriate  blanks. 


 a.  When  fluid  is  not  in  motion  it  lies  level  in  a  bowl 

 b.  Placing  two  fans  facing  each  other  arfd  turning  one  fan  on  will  cause  the 

other  Jan  to  turn 

•   c,  When  a  fluid  in'  a  bowl  is  spun  the  fluid  triesja^ome  out  the  center  of  bowl 

 d,  A  fluid  at  high  velocity  strikes  a  turbine  and  forces  it  to  turn,  driving  the 

wheel 

•  ✓ 
 e.  The  converter  pump  is  driven  by  the  turbine 

 f.  -When  another  bowl  is  pUroed  down  over  the  first  one,  and  when  the  bowls 

-  are  spun  an  axial  flow  is^reated  and  turning  force  is  transmitted  between  the 
driving  bowl  and  the  driven  bowl 

^  9.  When  the  t>owl  is  spun  rapidly,  centrifugal  force  causes  the  fluid  to  climb  up 

and  over  the  outside  edge  of  the  bowl 

3.  Identify  the  parts  of  a  torque  converter  by  writing  correct  answers  in  blanks  provided. 
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.  Match  torque  converter  parts  on  the  right  with  their  functions,  a  » 

a.-  The  converter  cover  is  secured' to  pump  t(N      1.  Stator 

seal  all  three  members  in  an  oil  filled  housing;  *  0 

converter  cover  is  bolted  to  the  flexplate    .    2.  Pump 

which  is  bolted  to  the  engine  crankshaft;  the  f 

converter  pump  turns,  the  same  speed  as        3.  Turbine 

engine;  when  engine  is  running  the  pump  is 

spinning;  it  act's  as  a  centrifugal  pump;  the 

s  pump  picks  the  oil  up  at  the  pump's  center  . 

9   and  discharges  the  oil  at  its  rim  between  the  * 
.blades;  the  blades- cause.the  dfl  to  leavie  pump 

^  *  *      \  spinning  toward  the  blades  of  the  turbine  v 

J  b.  This  "device  is  connected  to  the  input  shqft 

of  transmission;  when  oil  from  the  pump 
strikes  the  tu/bine  blades/it  transfers  a  force 
to  the  turbine  causing  it  ,to  turn;  when  the 
engine  is  idling  and  Converter  pump  is  not 
.  spinning  fast,  the  force  of  the  oil  leaving 
pump  is  not  great  enough  to  tufn  the  turbine 

with  any  efficiency;  as  engine  speeds  upv  the  ^ 
pump  speed  increases,  and  the  force  of  oil  is 
greater  to  turn  turbine 

« 

,  c;  This  device  is  located  between  the  pump 
t~    "    and  turbine;  it  .is  mounted  on  a  one-way  r  _ 

roller  ctutch  which  allows  it  to  rotate  one  way 
but  not  the  other;  it  redirects  the  oil  from 
•  turbine' and  changes  its  direction  of  rotation 
back  to  that  of  the  pump  member;  the  energy 
of  th$  oil  is  then  used  to  assist  the  engine  in  * 
turning  pump;  this  increases  the  force-  qf  the  , 
oil  driving  the  turbine,  and^as  a  resultthis 
multiplies  the  torque  or  twisting  force  -  •  #  0 

5.  Match  the  types  of  fluid  flow  in  torque. conyertefs  on  the  right  with  their  character 


istics. 


a.  The  instant  the  torque  converter  impelle/        1.  Vortex  flow 
(pump),  which  is  driven  by  the  engine  fly-         ■  ^ 
wheel,  starts  rotating,  the  oil  spins  around        2;  Kinetic  energy 

withit  3.  Rotary  flow 

b.  The  converter  turbine,  connected  :  to  the 
input  shaft,  resists  turning  as  the  oil  strikes  its 
blades;  because  of  this  resistance  and  because 
of  the  shape  of  the  blades;  the  oil  t&kes  a 
second  path  of  travel  crosswise 
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 c.  The  more  oil  entering  the  pump  from  the 

Stator,  and  the  more  the  turbine  resists 
turning,  the  greather  the  velocity  of  the 
vortex  flow  of  oil  circulating  in  the  converter 
and  the  greater  the  torque  multiplication 

6.  Complete  the  following  statements  concerning  operation  of  a  twin-turbine  torque 
converter. 

a.     When  torque  demand  is  high,  the  freewheel  clutch  is  engaged  and  the 


the  gears 


turbine,  assisted  4  by  the   .   turbine,  driyes 


b.     When  •the  machine  speeds  up,  torque  demand  drops,  arid  the 


turbine  takes  over  the  entire  load  and  the  freewheehclutch  disengages  the 
 turbine 

7.  Select  true  statements  concerning  operation  of  a  lockup  clutch  converter  by  placing  an 
"X"  in  the  appropriate  blanks. 

 a.  When  the  lockup  clutch  is  applied,  slippage  is  eliminated 

 b.  This  provides  a  direct  drive  from  the  engine  to  the  turbine  shah 


_c.  Located  inside  of  torque  converter  housing 


_d.  Lockup  clutches  are  engaged  at  all  times  except  in  high)  gear 


_e.  When  the  lockup  clutch  is  applied,  the  converter  elements  rotate  as  a  unit  at 
engine  speed 

_f.   It  operates  at  higher  speeds  and  in  higher  gear  range 


8.   Demonstrate  the  ability  to: 

a."    Drain  and  refill  a  torque  converter. . 
.b.     Check  for  oil  leaks. 

c.    Test  a  torque  converter.  • 

(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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T0&QUE  CONVERTERS  AND  FLUtD  DRIVES 
UNITIU 


mi 


ANSWERS  TO  TEST  « 


.  s  3. 

a.  • 

Pump 

> 

b. 

turbine 

C.'. 

Stator 

4. 

b. 
c. 

2 

3;  <  " 
1' 

c' 

5. 

a. 

3  ' 

b. 

1 

c.S 

2 

.First  . 

<* 

Second 

b. 

Second 

f 

First 

c' 

a,  b, 

c,.e;tf 

t 

.    1.  a.- 

8  ,  K 

f. 

b. 

10 

.  g- 

.  3  ,  *  ,. 

c. 

6  ' 

h. 

5  ' 

K 

.  d- 

9' 

i. 

7 

e.  • 

4' 

"  j- 

2 

> 

"  ,     2.  a,  b,  d,f,.gr  ■/ 

V- 

c 

0 

Or  . 


"J) 


8.  Fterfonmance  skiUs  evaluated  to  the  satisfaction  of  the  instructor 


* 
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MECHANICAL  "TRANSMISSIONS 
UNIT  IV 


UNlY  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  identify  types  of  mechanical 
transmissions*  ^and  the  shafts,  housings,  anji  shift  control  cbmponent^of  mechanical  trans- 
.  missions.  The  student  should? also  be  able  to  indicate  air  flow  in  range  shifting  lines,  disas- 
semble and  reassemble  a  mechanical  transmission,  and  complete  related  troubleshooting 
activities.  This  knowledge  will  be  evidenced  by  correctly  performing  the  procedures  outlined 
in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 
*  •  *  • 

,  -  '   SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should'  be  able  to: 

1.  Match  tertiris  related  to  mechanical  transmissions  with  their  correct  definitions. 

L  •         '  ♦  * 

2.  identify  types  of  mechanical  transmissions. 

— -^3— Identify-part*  of-a  sliding gear-transmission^ — -  — :  —   -  - 


4. .  -Identify  parts  of  a  sliding  clutch  transmission  top  shaft. 

5.  Complete  a  list  of  parts  on  a  front  section  countershaft. 

6.  Identify  pahs  of  a  transmission  front  section  case  with  clutch  housing. 
7:  Identify  parts  of  an  auxiliary  section  of  a  ten  speed  transmission. 

8.  ^  Identify  parts  of  a  shift  lever  housing  and  reverse  stop  plunger 

9.  Identify  parts  of  a  shift* bar  housing. 

10.  Identify  parts  of  a  remote  shift  control  assembly.        1  > 

11.  Select  true  statements  concerning  air  flow  for  r§nge  shifting. 

12.  Indicate  air  flow  in  air  lines  for  range  shifting.  j 

13.  Demonstrate  the  ability  to: 

a.  Check  a  mechanical  transmission  fluid  level. 

b.  Removk  and  disassemble  a  mechanical  transmission. "9 

.  .  \ 

c.  Inspect  transmission  parts. 


1C5 


Reassemble  a  mechanical  transmission. 
Dissassemble  a  shifting  bar  housing. 
Inspect  a  shifting  bar  housing  and  partsT 
Reassemble  a  shifting  bar  housing. 
Install  a  mechanical  transmission/ 

y 

Test  a  mechanical  transmission  after  rebuilding. 
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MECHANICAL  TRANSMISSIONS 
UNIT  IV 


•   ■         SUGGESTED  ACTIVITIES 

I ,  Provide  student  with  objective  sheet, 

II.  Provide  student  with  information,  assignment,  and  job  sheets.         ,  ( 
ML  •  Make  transparencies. 

IV.  '  Discuss  unit  and  specific  objectives, 

V.  Discuss  Information  and  assignment  sheets. 

VI. -  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets, 

VII.  Show  slides  and  films  on  mechanical  transmissions. 

VIII.  Have  speaker  from  local  company  that  works  on  transmissions  talk  to  the  class. 
I X.  .  Show  examples  of  different  types  of  mechanical  transmissions. 

X.  Give  test. 


INSTRUCTIONAL  MATERIALS 


Ai. 


Included  in  this  unit: 

A.  Objective  sheet 

B.  Information  sheet' 

C.  Transparency  masters 

1..  TM  1  -  Sliding  Gear  Transmission  with  Shafts  in  Line 
,  V2^TM  2-Sliding  Clutct^ansmission 


TM  3--Synchromesh  Transmission 

4.  TM  4-Marine  Gear  Transmission 

5.  TM  5--Parts  of  Sliding  Clutch  Transmission  Top  Shaft  Assembly 

6.  TM  6-.Parts  of  Front  Section;Countershaft 

7.  TM  7vTransmission  Front  Section  Case  with  Clutch  Housing 

8.  TM  8-Parts  of  Auxiliary/Section,  Ten  Speed  Transmission 

9.  TM  9-Parts  of  Shift  Lever  Housing  and  Reverse  Stop  Plunger 

.   .    167    ■  ... 


10.  TM  10-Parts  of  a  Shift  Bar  Housing- 

11.  TM  11 -Remote  Shift  Control  Assembly 

12.  TM  12-Airflow  For 'Range  Shifting 

:     13.  TM  13-Air  Flow  For  Range  Shifting  (Continued) 

D.  Assignment  Sheet  #1Hndicate  Air 'Flow  in  Air  Lines  for  Range  Shifting 

E.  Answers  to  assignment  sheet 

F.  Job  Sheets  ^ 

1.  Job  Sheet  #1--Check  a  Mechanical  Transmission  FluidLevel 

2.  Job  Sheet  #2-Remove'  and  disassemble  a  Mechanical  Transmission 
3y  Job  Sheet  #3"lnspect^pRfsmjssion  Parts>  -  ( 

4.  Job  Sheet  #4--Reassemble  a  Mechanical  Transmission 
5'.  Job  Sheet  #5--Disassemble  a  Shifting  Bar  Rousing 

6.  Job  Sheet  #6-lnspect  a  Shifting  Bar  Housing  and  Parts 

7.  Job  Sheet  #7-Reassemble  a  Shifting  Bar  Housing 

8.  Job  Sheet  #8— Install  a  Mechanical  Transmission 

9.  Job  Sheet  #9»Test  a  Mechanical  Transmission  After  Rebuilding 

G.  Test 

H.  -   Answers  .to  test 
References: 

A.  Truck  Talk.  Chicago,  IL  60611:'  International  Harvester  Co,,  1977. 

B.  Spicer  -1107  Series,  7-Speed  Transmission  Service  Manual.  Toledo,  OH 
43696:  Dana  Corporation,  1978. 

'  A 

C.  t  Fundamentals  of  Service:  Power  Trains.  Moline;  IL  61265:  John  Deere 

Service  Publications,  Dept.  F,  1972. 

■     •  *  », 

D.  Service,  Manual-RT  610  Series'.  Kalamazoo,  Ml  49007:  Eaton  Corporation, 
Transmission  Division,  1973. 

E.  Service  Manval-RT  613  Series,  'Kalamazoo',  Ml  49007/  Eaton  Corporation, 
Transmission  Division,  1972. 

F.  Service  Manual-3992  Marine  Gears.  Peor\$,  IL:  Caterpillar  Tractor  Co. 

*G.    Ivan  J.  Armstrong.  Auto  Mechanics:  Volume  I.  Stillwater,  OK  74074:  State 
Department  of  Vocational  and  Technical  Education,  1976. 
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MECHANICAL  TRANSMISSIONS 
^'.UNIT  IV 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Transmissiorv-Used  to  multiply  engine  torque  and  vary  vehicle  speed  by 
means  of  gears  arranged'  so  that  different  ratios ; can  be  selected  to  meet . 
various  operating  requirements 

B.  Spur  gears-Gears  with  straight  teeth 

(NOTE:  Spur  gears  are  usually  used  in  sliding  gear  mechanical  transmissions.) 

C.  Helical  gears~(jears  .with  slanted  teeth;  usually  found  in  constant  mesh* 
synchronized  transmissions 

(NOTE:  The  teeth  are  positioned  diagonally  across  the  face  of  the  gear,) 

D.  Overdrive  transmission-A  transmission  in  which  the  gear  ratio  is 'less  than 
one  to  one  * 

(NOTE:  This  permits  the  vehicle,  under  favorable  conditions,  to  maintain 
a  higher  road  sp<Ud  with  any  given 'enging  speed  or  a  given  road  speed  at 
a  lower  engine  R.P.M.) 

E.  Gear  ratio-The  number  of  revolutions  the  driving  gear  must  make  to  turn 
the  driven  gear  one  revolution 

F.  Synchronizer-Device  in  the  transmission  that  allows  jwo  gears  being  shifted 
together  to  rotate  at  the  same  speed 

G.  Idler  gear-Gear  in  the  transmission  used  to  change  direction  of  rotation 
of  the  output  shaft 

H.  Gear  timing-Timing  assures  that  the  countershaft  gears  will  contact  the 
mating  mainshaft  gears  at  the  same  time,  allowing  mainshaft  gears  to  center^ 
pn  the  mainshaft  and  equally  divide  the  load 

I.  Co'untershaft-An  intermediate  shaft  which  receives  motion  from  a  main 
shaft  and  transmits  it  to  a  working  part 


J.     Gear- A'  cylinder  or  cone-shaped  part  having  teeth  on  one  surfacen/vhieh  

mate  with  and  engage  the  teeth- of  another  part  which  is  not  concentric 
with  it  .  t  ,  '  : 

K.    Input  shaft-The  shaft  carrying  the  driving  gear  by  which  the  power  is 
applied  to  the  transmission  ^  /  % 

L    Output  shaft-The  shaft  or  gear  wljich  delivers  the  power  from  a  device 
(transmission)  to  the  rest  of  the  power  train  1  **  ) 


INFORMATION  SHEET 

Types  of  mechanical  transmissions 

A.  Sliding  gear  (Transparency  1 ) 

B.  Sliding  clutch  (Transparency  2) 

C.  Synchromesh  {Transparency  3)  *  "  , 

D.  Marine  gear  (Transparency  ^) 

Parts  of  a  sliding  gear  transmission  (Transparency  1 ) 


A. 

First  SDeed  aear  on  innut 'shaft  . 

B. 

Second  speed  gear  on  input 

C. 

Third  speed  gear  on/input  shaft 

D. 

First,  reverse  sliding  gear 

E. 

Second,  third  sliding  gear 

F. 

Third  speed  gear  on  output  shaft* 

G. 

Reverse  idler  output  gear 

H. 

Reverse  idler  input  gear 

I.' 

Idler  shaft 

J. 

Input  shaft 

K. 

Output  shaft 

i^- 


Parts  of  a  sliding  clutch  transmission  top  shaft  (Transparency  5) 


A. 

Snap  ring 

B. 

Drive  gear  bearing 

C. 

Spacer 

D. 

Gear  snap  ring 

E% 

Clutch  shaft 

F. 

Drive  gear 

G. 

'  Sliding  clutch 

H. 

Washer 

1. 

4th  speed  gear 

J. 

"3rd  speed  gear 
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INFORMATION  SHEET 

K.    2nd  speed  gear 

L     1st  speed  gear  *  ,  . 

M:   Reverse  gear 
N.  Mainshaft 
0.  Key 

P.     Bearing  , 

Q.    Auxiliary  drive  gear  .  .  . 

Parts  on  a  front  section  countershaft  (Transparency  6) 
(NOTE:  The  RT610  transmission  uses  two  countershafts.) 

A.  Woodruff  key  • 

B.  Roll  pin 

C.  Gear  key  " 

D.  Snap  ring 

E.  PTO  and  2nd  speed  gear  cluster 

F.  3rd  speed'gear 

G.  '  4th  speed  gear  ^ 

H.  Drive  gear* 

Parts  of  a  transmission  front  section  case  with  clutch  housing  (Transparency  7) 

A.  Clutch  housing 

B.  Clutch  cross  shaft  bushings 

C.  Inspection  plate 

D.  PTO  cover  plate  gasket 

E.  Front  gasket  /  . 

F.  PTO  cover  plate 

G.  Lube  filler  plug 

H.  Oil  temperature  plug  \ 

I.  ■  Lubeoil  drair^plug  . 

J.     Oil  sfeeves  *  -  ' 


INFORMATION  SHEET 

K.  Rear  gasket 

L  Dowel  pin 

M.  Magnetic  discs  (2) 

N.  Front  section  case 

Parts  of  an  auxil-ary  section  of  a  ten  speed  transmission  (Transparency  8) 

A.  Countershaft  front  bearings  (2) 

B.  Pilot  bearing 

C.  Auxiliary  countershaft  assemblies  (2) 

D.  Synchronizer  assemblies 

E.  Low  speed  gear  and  tailshaft  assembly 

F.  Auxiliary  housing  and  rear  bearing  assembly 

G.  Countershaft  bearing  (2) 

H.  Output  shaft  bearing 

I.  Spacer  7  - 
J,"  Speedometer  drive  gear 
K;  Gasket   ^  * 

L  Bearing  and  seal  housing 

M;  Seal 

N.  Nut 

Parts  ofshift  lever  housing  and  reverse  stop.plunger  (Transparency  9) 

A.  Ball  grip  (shift  knob) 

B.  .Dust  cover  % 

C.  Pin  .  y  ' 

D.  Lock  washer 

E.  Nut, 

F.  Capscreyv  (4) 

G.  Housing  1^9 

H.  Gearshift  lever  > 


INFORMATION  SHEET 

I,  *  Washer 

J.  Spring 

K.  Shift  yoke 

L.  ,  Plunger 

'  M.  'Plug 

IX.      Parts  of  a  shift  bar  Bousing  (Transparency  10) 

A.  Tension  spring  cover 

B.  '  Gasket  ' 

C.  Tension  spring 

D.  Tension  ball  (poppet  ball) 

E.  Plug 

F.  Actuating  plunger 

G.  Backup  light  pin 

H.  Shift  bar  housing 

I.  1st-reverse  shift  bar 
J.  Spring 

K.  Plungers       \  . 

L  Ist-reverse  shift  yoke 

M.  2nd-3rd  speed  shift  bar 

N,  Interlocking  ball 

/0.  2nd-3rd  speed  shift  yoke 

P.  Interlocking  pin 

Q.  4th«5th  speed  shift  bar 

R.  4th-5th  speed  shift  yoke  , 
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X.      Parts  of  a  remote  shift  control  assembly  ( ifafiagarency  1 1 ) 

A.  Cover 

B.  Set  screw 

C.  Finger  outer  shaft 
•  D.  Gasket 

E.  ^Rod  and  bracket  assembly 

F.  Bod      ■  -* 

G.  Oil  seal 

\ 

H.  JUUjoint  assembly 

I.  Remote  housing 

J.     Plug  m 
K.    Finger  inner  shaft 
L:  Key 

XI.      Air  flow  fof  range  shifting  (Transparencies  12  and  13) 

(NOTE:  Cpnstant,air  supply  -for  all  ranges  is  from  regulator  to  slave  air-valve  top 
rear  connection,  to  control  valve  S  connection/  and  to-  largest  connection  in 
intermediate  shift  cylmder.)       *  J     '  * 

A.  Low  range-Air  from  slave  air  valve,  side  connection,  to  front  of  auxiliary 
shift  cylinder 

B*  -Intermediate  rangar-Air  from  slave  air  valve  .front  connection  to  front  Con- 
nection of  auxiliary  shift  cylinder,  and  from  control  valve  F<  connection  to 
small  line  connection  on  intermediate  shift  cylinder 

f  C.  Direct  range-Air  from  slave  air.  valve  top  connection  to  connection  in 
rear  of  auxiliary^shift  cylinder  and  from  control  valve  F  connection  to  small 
connection  on  intermediate. shift  cylinder,  and  from  control  valve  R* connec- 
tion to  small  frottf  connection  of  slave  air  valve 

(NOTE:  Symbols  for  air  flow  schematics  are:  S  «  Supply,  F  =  Fe?d,  and 
R  ^  Return.)  ^ 
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Sliding  Gear  Transmission  with  Shafts  in  Line 


Reverse 
Idler  Gear 


,  Second 
Speed  Gear 


First  Speed 
Gear 


Third- 
Speed  Gear 


Output  Shaft 


First  Gear 


Reverse 
Gear 


Third 
Gear 


Courtesy  DEERE  &  CO.,  MOLINE,  IL 
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Sliding  Clutch  transmission 


Clutch  Engaged 
in. 3rd  Speed 
Gear 


Clutch  Engaged 
in  2nd  Speed 
Gear 


OA 


Sliding 
Clutch 


.1 


Courtesy  Transmission  Division,  Eaton  Corporation 


Synchromesh  Transmission 


;   .  Input  Shaft  Gear  Second/  First  and  Reverse 

.  \    (Main  Drive  Gear)  Speed  Gear    ,      Synchronizer  Assembly 


PT-183 


Marine  Gear  Transmission 

OIL  PUMP 
DRIVE 


.Courtesy  Caterpillar 

...   ^" 


Parts  of  Sliding  Clutch  Transmission 
Top  Shaft  Assembly 


Snap  Ring 


Spacer      Gear  Snap.  Ring 


Snap  Ring 


Drive 'Gear  Bearing 

Washer  Washers 


Clutch  Shaft 


Washers 


I 


ro.Tl  Slid,ng  4ih      3rd      ^,a,n9  2nd 

1  dutch  Speed  .Sfieed    C,utch  Speed  .  Sp*d 

1  Gear    Gear  Gear    Qear  * 

/      *  ■  -  * 


Sliding 
Clutch 


.181 


Mainshaft 


Reverse 
'  Gear 


Snap  ,V£f  ^ux  prjve  Qear 
Ring  Bearing 

Courtesy  Transmission  Division,  Eaton  Corporation 


Parts  of  Front  Section  Countershaft 


Drive  Gear 


Snap  Ring 


.83 


4th  Speed  Gear 


■r  -+ 


PTO  and  2nd  Speed 
Gear  Cluster 


3rd  Speed  Gear' 


Key 


D 


Roll  Pin 


3     ^17  Key 


Countershaft  with  1st  and  -Reverse 


Speed  Integral  Gears  (Two  Used  Per  Transmission) 

Courtesy  Transmission  Division,  Eaton- Corporation 


Transmission  Front  Section  Case  with  Clutch  Housing 


SAE  Std.  No.  2 
Clutch  Housing 


Gasket      PTO  Cover    Filler  Plug 


Temp.  Plug 


Clutch  Shaft 
Bushing  (4) 


Drain  Plug 
.    Oil  Sleeves  (2) 


PTO  Cover 
Inspection  Plate 


'Gasket 

Courtesy  Transmission  Division,  Eaton  Corporation 


Dowel  Pin  (2) 

Q.  ' 

Magnetic  Discs  (2) 
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Parts  of  Auxiliary  Section, 
Ten  Speed  Transmission 


Auxiliary  Housing  and 
Rear  Bearing  Assembly 


.'  Countershaft 
Front  Bearings  (2) 

\ 


•**Low  Speed  Gear 
and  Tailshaft  Assembly 


Pilot  Bearing 


Synchronizer 
Assembly 


Auxiliary 
Countershaft 
Assemblies  (2) 


Bearing  and 
Seal  Housing 


Countershaft 
Bearing 


Gasket 


Speedometer 
Drive  Gear 


Nut 


Courtesy  Transmission  Division,-  Eaton  Corporation 
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Parts  of  Shift  Lever  Housing 


Shift  Yoke 


1  * 

Plunger  Spring  ?lu9 


Reverse  Stop  Plunger 


ERIC 


Courtesy  Transmission  Division;  Eaton  Corporation, 

•    .        183  .  .  .  , 


iverse  Stop  Plurii 


JBaI!  Grip 


£^3 


Dust  Cover* 
Pin 

Lockwasher 

Nut  '  I, 
Capscfew.  (4) 


Housing 

Gear  Shift  Lever 


Washer 


Spring 


•1-90 
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Parts  of  Shift  Bar  Housing 


Actuating 

Plunger  ... 


Capscrew  (2) 

Tension  Spring  Cover 


Gasket  & 


|| —  Tension  Spring(3) 
O —  Tension  Ball  (3) 


9 
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Shift  Bar*  Housing 


Gasket 


Plu9  /plunger 
,  ;    ^Spring  \ 

1st-  Reverse  Shift  Bar  — 


Lock&rew  £v~o  fXv, 


1st-  Reverse' 
/  Shift  VoKe 


2nd-  3rd  Speed 
Shift  Bar  v4 


^  Interlock 


•  2nd- 3rd  Speed 
Shift  Yoke.  ,s 


Locksrew 


\ 

4th-  5t[i  Speed 
Shift  Bar 


v.  : 


Lbckscrew 


4th- 5th  Speed  Shift  Yoke  : 


CouVtesy  Transmission  Division,  Eaton  Corpor^tidn 


TM  10 


Remote  Shift  Control  Assembly 

4 


Set  Screw 


1 

Air  Flow  For  Range  Shifting 


er|c 


4  VJi 


Control  Valve  (Top) 


Control  Valve  (Side) 

Note:  Control  Valve  is  shown  in  reversed 
position  for  clarity  of  air  line  connection 


Constant  Air  From  Regulator 


No  Air 


No  Air 


Supply  Air  Line 


>rmediate 
Shift  Cylinder 


'Auxiliary  . 
Shift'Cylinder 


LOW  RANGE 


Constant  Air 

From  Regulator*      Courtesy  Transmission  Division/  Eaton  Corporation 
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CD 
CD 
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Air  Flow  For  Range  Shifting 

%  (Continued) 

Control  Valve  (Top) 


Constant  Air 
From  Regulator 


Control  Valve  (Side) 

Note.  Control  Valve  is  shown 
J  in  reversed  position  for  clarity 

V\V  ft  rr^    of  air  line  connections 

Supply-Air  Line 
Constant  Air) 


No  Air 


FWD- 


INTERMEDIATE  RANGE 


Intermediate 
Shift  Cylinder 


Auxiltary  * 
Shift  Cylinder 


Constant 
Air  S  < 
From  Regulator 


Constant  Air 
From  Regulator 


Control  Valve 

Note  Control  Valve  is  shown 
reversed  position  for  clarity 
air  line  connections 

Supply  Air  Line 
(Constant  Air) 


FWD 


DIRECT  RANGE 


i  termed  i  ate. 
Shift  Cylinder 


Auxiliary  Shift  Cylinder  . 


Constant 
Air 


From  Regulator     Gourtesy  Transmission  Division,  Eaton  Corporation 

-.     '      •   '        •       •  I'J.G 


TM  13 
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MECHANICAL  TRANSMISSIONS 
UNIT  IV 


ASSIGNMENT  SHEET  #1--SHOW  AJR  FLOW  IN  AIR  LINES  •  \ 
FOR  RANGE  SHIFTING 


Directions:  Show  air  flovl  in  air  lines  for  range  shifting  by  writing Wr  or  no^air  in  the  blanks 
in  the  following  diagrams, 
j 


Control  Valve  (Top) 


Control  Valve  (Side) 

Note:  Control  Valve  is  shown  in  reversed 
position  for  clarity  of  air  line  connection 


Auxiliary 
Shift  Cylinder 


LOW  RANGE 


Constant  Air 
From  Regulator 


Courtesy  Transmission  Division,  Eaton  Corporation 
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ASSIGNME^JTSHEET,#1 


Control  Valve  (Top) 


Constant  Air 
From  Regulator 

•  y 

_'h. 

i. 


^Constant 
Air 

From  Regulator 


Intermediate 
Shift  Cylinder 


Control  Valve  (Side)  x 

Control  Valve  is  shown 
in  reversed  position  for  clarity 
air  line  connections 


I   ,/  >      Of  i 


FWD- 


INTERMEDIATE  RANGE 


Auxiliary- 
Shift  Cylinder 


Control  Valve 

Note'  Control  Valve  is  shown 


fl^j  ^  in  Reversed  position  for  clarity 

of  air  line  connections 


Constant  Air 
From  Regulator 


DIRECT  RANGE- 


Intermediate  .  ■  Auxiliary  Shift  Cylinder' 
Shift'Cylinder 


Constant 
.  Air 
From  Regulator 


Courtesy  Transmission  Division,  Eaton  Corporation 


• 


MECHANICAL  TRANSMISSIONS 
-  UNITIV  ,  • 


ANSWERS  TO  ASSIGNMENT  SHEET  #1 


a. 

No  air 

g. 

Air 

b. 

No  air 

h. 

Air" 

c. 

Np  air 

i. 

No  air 

d. 

Air 

.  i- 

Air 

e. 

No  air 

k. 

Air 

f. 

Air 

/'• 

Air 

> 


f 


l'J2 
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MECHANICAL  TRANSMISSION?, 
UNIT  IV  - 


JOB  SHEET  #1--CHECK  A  MECHANICAL  TRANSMISSION  FLUID  LEVEL 


ERIC 


II. 


Tools  and  materialr 

A.  Shop  towels 

B.  Basic  hand  tool  set 

C.  Creeper 

D.  Safety  glasses 

E.  Proper  lubricants 

F.  Drain  pan 

G.  *  Approved.cleaning  fluid 

H.  Chock  blocks 

I.  Blue  safety  tag  ^ 
Procedure  s  < 

(CAUTION:  Always  use  creeper,  wear  safety  glasses,  chock  wheels,  keep  un- 
authorized people  out  of  cab,  and  blue  tag  the  ignition  switch,) 

A.  Place  vehicle  on  level  ground 

B.  '  Put  drain  pan  under  check  plug 

C.  Clean  area-around  plug  - 

D.  'Remove  plug  or  plugs 

E.  Check  level  of  lubricant  (Figure  1) 

(NOTE:  Lubricant  should  be  at  the  bottom  edge  of  plug  hole.)    .  ■  ^ 

.  FIGURE  1 


YES 


Courtesy  Transmission  Division,  Eaton  Corporation 

2UU 
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JOB  SHEET  #1 


Use  fluids  recommended  by  vehicle  manufacturer  ' 
Visibly  inspect  transmission  mounts  and  mount  bolts 

'Visibly  inspect  air  lines  1if  so  equipped)  for  cracks,  worn  spots,  and  leaks 

Visibly  inspect  transmission  for  leaks  aMront  and  rear  seals  and  at  gaskets 

Change  fluid  and  filter  as  recommended  by  manufacturer 
*  I 


MECHANICAL  TRANSMISSIONS 
UNIT  IV 

i 


JOB  SHEET  #2- REMOVE  AND  DISASSEMBLE  A  MECHANICAL  TRANSMISSION  ' 


Tpols  and  materials 

A. 

Basic  hand  tool  set 

B. 

Shop  towels 

C. 

Safety  glasses 

D. 

Inside  snap-ring  pliers-large 

E. 

Outside  snap  ring  pliers-large 

F. 

Snap  ring  pliers-medium  (needle-point) 

G. 

Bearing  pullers-small 

H. 

Driv^gear  bearing  driver 

1. 

Steam  supply 

J. 

Solvent 

K. 

Appropriate  service  manual 

L. 

Press    \  ^ 

> 

M. 

Mael 

Procedure 

I 

y 


A.    Remove  GROUND  cable  from  battery  ' 

-B.     Remove  mechanical  transmission  per  vehicle  manufacturer's  service  manual 

(CAUTION:  Use  proper  eye  protection,) 
C,     Remove  air  regulator  and  filter  assembly 

"1.   Disconnect  and  remove  the  air  lines,  including  line  clamps  . 
2.  Turn  out  cap  screws  and  remove  regulator  and  filter  assembly 

(NOTE:  During  disassembly,  lay  alt  parts  on  clean  workbench  in  order 
of  removal,)4  / 

(CAUTION:  Use  . good  housekeeping  methods  while  disassembling 
transmission,) 


JOB  SHEET  #2* 


D.    Remove  range  shift  control  valve  t  ■ 

I,.  Remove  two  nylon  air  lines,  one  at  front  of  valve  apd  one  at  rear 

Ive 


emove  two  air  lines  between  the  valve  and  cylinders  on  auxiliary 

3.  Remove  cap  screws  holding  air  valve 

4.  Remove- actuating  spring  and  pin  from  bore  in  transmission  (Figure 


FIGURE  1 


E.  Remove  shift  bar  housing 

1.  Turn  out. cap  screws         '  t 

2.  Jar  housing  to  break  gasket  seal 

3.  Remove  housing  from  transmission 

F.  Remove  universal  joint  companion  flange  or  yoke 

1.  Lock  the  transmission  by  engaging  in  two  gears 

2.  *  Remove  companion  flange  nut  from  output  shaft 

3.  Pull'flange  or  yoke  straight  to  redr  and  off  shaft 


203 
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JOB  SHEET  #2  ' 


p.    Remove  auxiliary  section 

1 .  Turn  9ut  cap  screws  - 

2.  Insert  puller  screwy 

3.  Tighten  puller  screws  evenly 

(NOTE:  Remove  auxiliary  section  straight  to  the  rear  with  puller 
screws.)    m  -  . 

»  \ 

4.  Remove  auxiliary  section  from  front-section  (Figure  2) 

(CAUTION:  Use  proper  lifting  procedure.) 

/  * 
FIGURE  2      4  * 


£>*'.*">i..V." 


\ 


H.    Remove  clutch  housing 


1.  Remove  clutch  release  mechanism 

#'       ■  • 

2. ^Turn  niits  from  six  sjucte  (       1  £ 

3.  Break  gasket  seal 

4.  Remove  clutch  housing  from  case  - 


%    JOB  SHEET  #2  ■ 

Remove  front  bearing  cover 

1.  Turnout  cap  screws  ■  / 

*•         *        '  ■  Yv 

(NOTE:  Tap  against  drive  gear  from  inside  casexo  move , cover  forward 
and  break  gasket  seal.)  *  ' ; 

2.  Remove  cover 

I 

Remove  bearings  from  right  countershaft  **  lv  *  *  ^  ; 

,  1 .   Remove  snap  ring.at  rear  of  right  countershaft" 

2.  Using  soft  bar  and  maul  against  rear  of  shaft  move  assembly  forward  as 
far  as  possible  until  snap  ring  groove  in  fronfbeariftg  is  exposed  (Figure 
3) 

(CAUTION:  Use  caution  when  using  hammer,) 


FIGURE  3  . 


3.   Install  snap  ring  in  groove  in  front  bearing 

(NOTE:  Use  snap  ring  removed  from  bearing  bore.) 


( 


JOB  SHEET  #2 


4..  Using  pry  bars,  remove  fropt  bearing  from  countershaft  (Figure  4) 


t» 


FIGURE  4 


5.   Using  soft  bar  and  maul  from  inside  case,  move  countershaft  to  rear  far 
enough  to  expose  rear  bearing  snap  ring  groove  a 

6..  Install  snap' ring  in  groove  -\ 

7>   Use  pry  bar  or  puller  to  remove  bearing  (Figure  4) 

K.    Remove  clutch  shaft  bearing'  .  ' 

1.  Move  drive  gea ^forward  as  far  as  possible    <  -*  - 

2.  Remove  bearing  retainer  snap  ring  (Figure  5) 


FIGURE  5 
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JOB  SHEET  #2 


I 


3.  Hold  shaft  in  position  and  tap  on  side  of  shaft  while  pulling  forward 
to  unseat  bearing  from  case  *  9 

4.  Use  puller  or  pry  bar  to  reipove  bearing 

*  (CAUTION:  Use  proper  tools  far  the  job.)         \  * 
L.     Remove  clutch  shaft 

,  1."  Remove  drive  gear  washer  4 
V  Remoye  shap  ripg  from  groove  in  I.D.  of  gear  (Figured)  1 


FIGURE  6 


31 

*       3.  j- Pull  shaft  forward  from  splines  of  drive  gSar 

4.   Move  drive  gear  to  rear  against  4th  Speed  gear  efigaging  sliding  clutch 
M.    Remove  auxiliary  drive  gear  assembly 

1.  :  Turn  out  capscrews 

2.  Remove  two  bearing  retainer  rings 


v 
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JOB  SHEET  #2 
3.   Remove  snap  ring  from  groove  in  mainshaft  (Figure  7) 
FIGURE  7 


V 


4.  Tap  against  front  of  mainshaft  to  move  drive  gear  bearing  to  tf\e  rear' 
t  exposing  bearing  snap  ring 

•  5.   Use  pry  bar  toVamove  auxiliary  drive  gear  from  cas^ 

N.    Remove  bearing. fro.Fn^auxiliary  gear 

1.  Remove  snap  ring  from  gear 

2.  Remove  bearing  frdm  drive  gear  by  using  press  or  bearing  driver 
0.    Remove  left  reversejdler  gear 

1.   Remove  auxiliary  countershaft  front  bearing  from  left  reverse  idler 
bore    s  J 
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JOB  SHEET  #2 


2.   Remove  rear  idler  washer  and  holder  from  bore  of  main  case  (Figure 
8) 


FIGURE  8 


3.  Remove  reverse  idler  gear  from  case  < 

4.  Remove. idfer  bearing  from  idler  gear  (Figure  9) 


FIGURE  9 


5.   Remove  front  idler  washer  from  case 
|t  P.     Remove  ancTdisas^ra^ble  mainshaft 

1..  Block  right  countershaft  to  right  as  far  as  possible 
2.   Lift  mainshaft  assembly  from  case 


3,   Remove  drive  gear  and  4th-5th  sliding  clutch  from  mainshaft 
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JOB  SHEET  #2 


6.   Remove  3rd  gear  and  washer 


7.   Remove  2nd-3rd  sliding  clutch 


8.   Remove  long  key 


9.   Remove  2nd  gear  washer 
10.   Remove  1st  gear  and  washer 


1 1.  -Remove  1"st  reverse  sliding  clutch 


12/  Remove  reverse  gear  and  washer  * 
Remove  countershaft  assemblies  £ 

1.  Lift  right  countershaft  from  case 

2.  Remove  bearings  from  left  countershaft  in  same  manner  as  right -(Refer 
to  Figures  3  and  4)  ^ 

3.  lift  left  "countershaft  from  case 
Remove  right  reverse  idler  gear  . 


,  1.   Remove-auxiliary  countershaft  front  bearing  from  right  reverse  idler 
gear  bore  '\ 

2.  Remove  rear  idl6r  washer  and  .holder  from  bearing  bore  : 

3.  Remove  reverse  idler  gear  from  case 


4.   Remove  .idler  bearing  from  gear 


5.   Remove  front  idler  washer  from  case 


Disassemble  countershaft  assemblies  ■ 
f 

(NOTE:  Disassemble  both  countershafts  in  the  same  manner.) 

(CAUTION:  Use  caution  when  using  press.) 

- 1.   Remove.snap  ring  from  front  of  countershaft 


■  2ii 
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JOB  SHEET  #2 


3.  Press  4th  gear  from  shaft  (FigureNS) 
FIGURE  13 


4.  Press  PTO  gear  and  3rd  c^ear  from  shaft  by  pressing  on  PTO  ge'ar 

5.  Remove  woodruff  ^gylfrom  shaft  ' 

(NOTE:  Do  not  rfemove  woodruff  key  from  shaft,  unless  key  ox  shaft^ 
needs  replacing.) 0         ^  ,  ^ 


2 1 
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JOB  SHEET  #2 


PT-221 


T.     Remove-auxiliary  cduntershaft  assemblies 

1.   Remove  bearing  from  front  of  tailshaft  (Figure  14) 


FIGURE  14  ^ 


2.  Turn  out  capscrews  and  remove  rear  bearing  cover 

3.  Remove  rear  seal  frop  cover  .  ,  • 

4.  Remove  speedometer  gear  and  washer  . 

5.  Drive  countershaft  ^rear  bearing  outer  race  to  rear  about  1/2"  (Figure 
15) 


FIGURE  15 


(NOTE:  From  .inside  housing,  use  long  punch  to  drive  bearing  race 
rearwardi) 
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JOB  SHEET  #2  - 

.  6.   Remove  countershafts 
U.    Disassemble  auxiliary  countershafts 

s 

t  m 

1.   Renr^ve  bearing  inner  race  from  rear  of  countershaft  (Figure  16) 


FIGURE  16 


(NQTE:  In  late  style  transmissions,  the. drive  gear  is  welded  to  the 
countershaft  and  cannot  be  removed.) 

2.  Remove  snap  ring 

3.  ^  Press'drive  gear  from  shaft  \ 

V.    Remove  range  shift  cylinder  and  synchronizer 

<  • 

.1.   Turn  out  cap  screws  and  remove  cylinder  cover  • 

2.   Remove  nut  holding  air  piston  to  shaft 
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JOB  SHEET  #2 


4 


3.   Use  air  to  remove  piston  (Figure  17) 

(CAUTION:  Don'tuse  too  much  air  pressure.) 
FIGURE  17 


c 


4.  Remove  O-ring  from  piston 

5.  Remove  copper  seal  from  shaft 

6.  Remove  synchronizer,  shift  yoke,  and  piston  shaft  as  an  assembly 
(Figure  18)  > 


FIGURE  18 


er|c  . 
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JOB  sheet; #2 


7.  Cut  lock  wire?  take  out  two  lockscrewsi  and  remove  shift  yoke  from 
shaft 


8.  Place  low*  synchronizer  on  bench/and  by  twisting  remove  high  range 
v    ,     synchronizer  from  pins    #  * 

K   -  (CAUTION:  There  are  3  springs  located  in  high  range  synchronizer 

1  which  will  be  released  as  high  range, synchronizer  is  removed.) 

•  „•••• 

9*  Remove  sliding  clutqh  from  .low  synchronizer  pins 
Vi/.    Remove  and  disassemble  air  cylinder  '*  :*Lf 

1.   Remove  dust  seal  and  air  port  extension  from  top  of  housing  ^ 

(NOTE:  Aif  port' extension  has  to  be  removed  from  cylinders  before 
cylinder  can  be  removed  from  housing.) 

'  2.   Remove  cylinder  from  housing 

3.  Remove  O-nng  from  small  bore  in  cylinder  ^ 
X.    Remove  and  disassemble  low  speed  gear  and  tailshaft 

1.  Drive  or  press  tailshaft  forward  out  of  rear  bearing  —  .  m 

2.  Remove  rear  washer,  and  low  speed  gear 

•    3.   Remove  spline  washer  from  hub  of  low  gear 

4.  Remove  mainshaffc-bearing  from  housing 

$  • 

5.  Remove  countershaft  rear  bearings  from  housing 


\ 
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MECHANICAL  TRANSMISSIONS^ 
UNIT  IV  V 


JOB  SHEET  #3--INSPECT  TRANSMISSION  PARTS. 


Tools  and  materials  .  * 

A.  Safety  glasses  v  ^ 

B.  Air  blow  gun  '  v  ^ 
(NOTE:  Blow  gun  should  be  regulated  at  30  P.S.I,  output  pressure) 

C.  Solvent  * 

D.  Shop  towels 

E.  Reusable  parts  guide 

F.  Manufacturer's  service  manual 
Procedure 

A.     Inspect  all  bearings 

1.  Wash ^ll  bearings"       •  . 
(CAUTION:  Use  approved  cleaning  solvent)  "  * 

2.  Blow  bearings  dry  with  air  , 

(CAUTION:  Never  let  bearings  spin  white"1iTk^wing  dry  witft  air, 
usa  safety  glasses,)       •  . 

3.  Check  bearings  for  pits  or  spalls  in  iriner  races  (Figures  1  and  2) 


F4GURE  1 


,  FIGURE  2 
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4.  Check  bearings  for  pitts  or  spalles  in  outer  races  (Figures  1  and  2) 

5.  Check  bearings  for  pitts  or  spalles  in  roller  or  balls 

6.  Lubricate  bearings 

7.  Check  for  axial  looseness 
"8.  Check  for  radial  looseness 

9.  Replace  bearings  with  excessive  looseness 

10.  Wrap  all  reusable  bearings 


'(NOTE:  If  transmission  is  high  mileage  overhaul- 100,000  miles  or 
more-all  bearings  should  be  replaced.) 

B.     Inspect  all  gears 

1.  Check  gear  for  pitting  on  gear  teeth  faces  (figure  3) 
(NOTE:  Replace  all  gears  with  pitted  teeth.) 

2.  Check  engaging  gears  for  tapered  teeth  (Figure  4)  '"SiZ^R 

3    Check  engaging  gears  for  worn  or  chipped  teeth  at  engaging  end 


)■■ 


FIGURE  3- 


FIGURE  4 
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4.  Check  gear  hubs  for  gaulding 

* 

5.  Check  gear  hubs  for  excessive  yvear 

6.  Check  gears  for  cracks  (Figure  5) 

7.  Check  gears  for  broken  "teeth  (FigOre  6) 


TV 


mm. 


FIGURE  5 
C.     Inspect  shafts 

1.  Check  for  bent  shafts 

2.  Check  for  twisted  shafts  (Figure  7) 


FIGURE  6 


FIGURE  7 
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i  4 

3.  Check  for  worn  splines 
"4.  Check  cracks  in  shaft  - 

5.  Check  for  gaulded  splines 

6.  Check  for  worn  snap  ring  grooves 
Inspect  thrust  washers 

4 

*1.  Check  surfaces  for  being  scored  (Figure  8) 


.FIGURED 


2\  Check  washers  for  being  reduced  in  thickness 
Inspect  synchronizers 

1.  Check  high  and  low  synchronies  for  wear  at  contact  surfaces 

2.  Check  contact  surfaces  for  heat  dams 

<    (NOTE:  If  contact  surfaces  ^re  bluff  or  black,  they  have  been 
.  cheated.) 

•  3.  Chjck  blocker  pins  for  excessive  wear  \ 
4.  Checkior  loose  or  missing  blocker  pins  (Figure  9) 

FIGURE  9 


^lOB  SHEET  #3 

W  ■ 

5.  Check  synchronizer  contact  surfaces  on  high  and  low  range  gears 
for  wear  and  burrs 

Inspect  cases  V 

1.  Check  cases  forc^cks  (Figure  10)  ■ 

FIGURE  10 


i 


.  2.  Check  cases  for  worn  bearing  bores 

3.  Check  cases  for  damaged  bolting  surfaces 

'4.  Check  cases  for  damaged  bolt  threads 
Inspect  bearing  and  seal  retainers  *  * 

1.  Check  hearing  retainers  for  worn  bearing  grooves  and  snap  ring  grooyes 

2.  Check  <o  make  sure  seals  in  retainers  are  tight 
3;  Check*worn  grooves  in  front  retainer  for  wear 
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MECHANICAL  TRANSMISSIONS 
UNIT  IV 


JOB  SHEET  #4--REASSEMBLE  A  MECHANICAL  TRANSMISSION 


Tools  and  materials 


A. 

Shop  towels 

B. 

Basic  hand  tool  set 

C. 

Creeper 

D. 

Safety  glasses 

E. 

Large  inside  snap  ring  pliers 

F. 

Large  outside  snap  ring  pliers 

G. 

Bearing  drivers 

H. 

Seal  drivers 

1. 

Medk&ri  needlepoint  snap  ring  pliers 

J. 

Appropriate  service  manual 

K. 

Press 

L. 

Paint 

M. 

Small  paint  brush 

N. 

Large  torque  wrench  (ft.  lb.  tprque  wrench) 

Procedure 

\ 


A.    Reassemble  and  install  low  speed  gear  and  tailshaft 
1.  Place  magnetic  cleaner  in  auxiliary  case 


JOB  SHEET  #4 


2.  Mark  timing  teeth  on  low  speed  gear  (Figure  1) 


FIGURE  1, 


(N'OTE:  Paint  two  adjacent  teeth,  then  paint  .two  adjacent  teeth 
straight  across  from  the  first  two.) 

3.  Place  splined  washer  in  low  speed  gear  hub  with  shoulder  to  the  rear 

4.  Install  low  speed  gear  on  tail  from  th6  rear  with  clutching  teeth  forward 

5.  I  nstall  low  speed  gear  thrust  washer,  chamfer  to  rear 

6.  Place  auxiliary  housing  over  tailshaft 

7.  Install  tailshaft  bearing  (Figure  2) 

s 

(NOTE:  Use  bearing  driver  and  seat  bearing  on  shaft  and  in  case.) 
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B.     Install  air  cylinder  for  range'shifting  - 

1.  Install  O-ring  in  groove  in  small  bore  of  air  cylinder 

2.  Install  air  cylinder  in  auxiliary  case  with  air  port  in  line  with  port  in  top 
,  of  case 


£.    Reassemble  range  synchronizer 

1 .  Place  low  range  synchronizer  on  bencli*with  pins  up 

2.  Place  sliding  clutch  on  pins  with  recessed  side  up 

3.  Place  three  springs  in  bores  in  high  range  synchronizer  ring  (Figure  4) 
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4.  Install  high  range  synchronizer  ring  over  pins  in  low  range  synchronizer; 
take  care  not  to  damage  springs  in  high  range  synchronizer 


FIGURE  4 


D.     Install  range  synchronizer  and  shift  fork  in  auxiliary  case 

\ 

1.  Install  shifting  fork  on  piston  shaft,  fork  toward  threaded -end 

2.  Align  slots  in  "shaft  with  bores  in  yoke  hub  and  install  'lockscrews 
and  safety  wire 


\ 


3.  Place  yoke  in  groove  of  sliding  clutchrslide  piston  shaft  yvith^synchro- 
nizer  assembly  into  rear  case  with  piston  shaft  threaded  fend^ping  into 
bore  of  air  cylinder  and  synchronizer  over  tailshaft 


4.   Install  copper  seal  on  piston  shaft  (Figure  5) 

figure  5         '  '/  '   -  ;\; 
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j.Nnstall  O-ring  over  air  piston  (figure  6) 


FIGURE  6 


'  6.   Install  piston  on  piston  shaft  and  secure  with  lockwasher  and  nut 
7.   Install  gasket  and  cylinder  cover  securing  with  four  capscrews 
Reassemble  the  countershafts 

(NOTE:  .In  late  models,  the  drive  gears  are  welded^btjto  shaft.) 

1.  Install  keys  in  shafts 

2.  Press  gears  on  shafts  with  long  hubs  to  the  rear  (Figure  7) 
FIGURE  7 
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3.  Install  snap  rings 

4.  Install  bearing  inner  racelon  rear  of  shafts 

F.    Mark  timing  teeth  on  countershafts .  V  - 

1.  Find  tooth^n  low  speed  gears' aligned  with  keyway  in  drive  .gear 
(Figure  8r 

2.  Mark  timing  tooth  on  low  speed  gears  with  paint  (Figure  8) 
(NOTE:  .Timing  teeth  will  be  marked  with  an  "O"  on  the  end.) 


FIGURE  8 


Install  countershafts 

it' 

1.  Seat  rear  bearings  outer  races  into  cases  about  two-thirds  of  the  way  in* 

2.  Place  countershafts  into  case  with  marked  tooth  on  low  drive  gear 
between  two  marked  .teeth  on  low  driven  gear  (Figure  9) 
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3.   Drive  rear  bearing  outer  races  the  rest  of  the  way  into  case  and  onto 
shaft 


FIGURE  9 


H.    Install  speedometer  gear  washer  and  speedometer  gear  *\ 

1.  Install  speedometer  g^ar  washer  on  tailshaft  with  champhered  inside 
diameter  toward  bearing  (Figure  10) 

2.  Install  speedometer  gear,  or  replacement  spacer,  6n  tailshaft  (Figure  10) 


FIGURE  10 
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I.     Install  seal  in  rear  seal  retainer  and  install  retainer  • 

\ 

1.  Drive  rear  seal  into  retainer  with  lip  of  seal  toward  the  inside 

2.  '  Install  rear  seal  retainer  with  speedometer  bore  up  and  to  the  left 

3.  Install  cap  screws  and  tighten 

J.     Install  front  pilot  bearing  on  tailshaft 

K.    Install  magnetic  cleaner  in  bottom  of  mairHfansmission  case 

L     Install  right  reverse  idler  gear  front  washer  on  pin  in  lower  right  of  case 

1 .  Install  small  reverse  idler  gear  front  washer  on  pin  in  lower  right  of  case 

,2.  Place*  reverse  idler  gear  in  case  with  machined  surface  of  gear  hub  to 
rear 

<^ 

3.  Place  rear  washer  in  holder  with  oil  grooves  down  and  bend  lugs  to  hold 
washer  in  -  *  • 

4*  Install  reverse  idler  gear  bearing 

5.  Install  holder,  with  washer,  into  rear  countershaft  bore 

6.  Install  rear  countershaft  front  bearing  in  bearing  bore  of  fronfcase 
(NOTE:  Front  of  auxiliary  countershaft  is  journal  for  idler  gears.) 

M.  .Assemble  front  countershafts 

1.  Install  roll  pin>(Figure  11)  .  ,  , 

2.  Install  woodruff  key 


230 


J0BSHE^T#4 
3.   Install  long  key  (Figure  11) 

FIGURE  11  *  ' 


4.  Press  PTO-2nd  speed  gear  cluster  onto  countershaft  with  PTO  gear 

forward  *  / 

i 

5.  Press  3rd  speed  gear  on  with  long  hub  to  rear 

6.  Press  4th  speed  gear  on  with  long  hub  to  front 

7.  Press  drive  gear  On  with  long  hub  to  rear  (Figure  15)  • 


\ 
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N.    Mark  tinning  teeth  on  countershaft  drive  gears 

1.   Find  tooth  on  drive  gear  aligned  with  keyway  (Figure  13) 


(NOTEr  Timing  tooth  will  have  an  "0"  oh  the  end  of  tooth.) 
2.   Paint  complete  timing  tooth  on  each  countershaft 


FIGURE  13 
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0.    Place  left  and  right  countershafts  in  the  case  without  bearings 
P.     Assemble  rnamshaft  m 

1.  Pidce  mainshaft  in  vise  with  keyway  to  the  left  or  right  and  pilot 
endup 

2.  Place  key  in  keyway  with  word  top  to  the  outside  and  cross  pin  up 

3.  Place  reverse  gears  splined  washer  on  shaft  in  groove  at  bottom  of 
shaft  and  slide  key  in  square  notch  in  washer  to  lock  washer 

(NOTE:  1st,  2nd,  and  3rd,  speed  gears  splined  washers  are  the  same; 
4th  speed  gear  washer  is  smaller  in  diameter.) 

4.  Install  1st-reverse  sliding  clutch  . 

I 

(NOTE:  Slot  in  all  slidingxlutches  will  have  to  align  with  key.) 

'  5.  Rerfiqve  Jong  key  and  install  1st  speed  gear  splined  washer  on  shaft 
in  2nd  groove  from  the  bottom  then  reinstall  long  key  to  lock  washers 
(Figure  14)  *■ 

♦ 

^    '  6..  Place  1st  speed  gear  on  shaft  over  splined  washer  with  clutching  teeth 

FIGURE  14  down  (figure  15) 
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7.  Install  2nd  speed  gear  on  shaft  with  clutching  teeth  up 

8.  Remove  long  key  and  install  2nd  speed  Rasher  into  hub  of  2nd  speed 
gear,  then  reinst.alj^long  key  to  lock  all  three  washers  (Figure  16) 

9.,  4fistall  2nd-3rd  speed  sliding  clutch 

10.   Pull  long  key  up  slightly  and  install  3rd  speed  washer  at  bottom  of 
.  top  groove  ,tben  move  long  key  down  and  seat  cross  pin  on  top  of 
3rd  speed  washer  (Figure  17)  N 


JOB  SHEET  #4 

11.  Install  3rd  speed  gear  over  splined  washer  ' 

12.  Instalf'4th  $peied  gear  on  shaft  with  clutching  teeth  up 

13.  Install  4thspeed  washer  on  shaft  inside<4th  speed  gear 

14.  Install  ^nap  ring  in  groove  on  shaft  to  hold  4th  speed  gear  (Figure 
18)'      -  - 

15.  Install  4th-5th  sliding  clutch 

1 6.  Mark  timing  teeth  on  drive  gear  ( Figure  1 9)   .  , 

(NOTE:  Mark  any  two  adjacent  teeth' on  gear  then  ni^rk  two  teeth 
directly  bpposite  the  first  set.) 


JOB  SHEET  #4 


17.  I  nstall  drive  gear  on  shaft  against  4th  speed  gear  with  snap  ring  groove 
to  the 'font  \  - 

18.  Remove  mainshaft  from  vise  and'SflstaM  reyefee  gear  on  rear  of  main- 
shaft  over  splined  Washer  f  *  '  . 

p.    Install  mainshaft  in  case 

1.  Move  both  countershaft  assemblies4 to  side  of  case  as  far  as  possible 

2.  Install  mainshaft  assembly  in  case  and  block  under  front  to  center 
shaft  in  bearing  bore 

R.    Assemble  auxiliary  drive  gear  and  install  in  case    .  „ 

1.  Press  bearing  on  gear  with  snap  ring  toward  rear  *  % 

2.  Install  bearing  retaining  snap  ring  in  auxiliary/drive  gear  groove  (Figure 
'20)  * 

FIGURE  20 


"*3.  Center  mainshaft  i^i  rear  bearing  bore 
4.   InstaN  auxiliary  drive  gear  and  seat  bearing  in  case 
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* 

5.  Install  snap  ring  inside  auxiliary  drive  gear  ariS  in  groove  in  rear  of 
mainshaft  (Figure  21)  .  ,  . 


FIGURE  21 


6.  .Install  two  bearing  retainer  plates  and  tighten  capscrews 
S.    Assemble  clutch  shaft  and  main  drive  gear 

1.  Replace  pocket  bushing  clutch  shaft 

1NOTE:  Make  sure  oil  hole  is  not  plugged  and  bushing  is  even  with 
shaft.) 

2.  Install  clutch  shaft  inside  main  drive  gear  and  move  main  drive  gear 
forward  against  case 

3.  Install  snap  ring  in  groove  in  main  drive  gear  ^  ^ 

4.  I  nstall  main  drive  gear  spacer,  taper  forward 

5.  Install  clutch  shaft  bearing  and  seat  in  bore  of  case' 

\ 

•      6.   Install  bearing  retaining  snap  ring  in  groove  on  clutch  shaft  with  taper 
to  outside 
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T,    Time  'mainshaft  to  bo{h  countershafts  and  complete  assembly  of  counter- 
shafts 

1.  Time  left  countershaft  to  mainshaft  by  placing  one  marked  tooth  on 
countershaft  in  mesh  with  two  marked  teeth  on  main  drive  qear  (Fiqure 
22)  \  . 


FIGURE  22 
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2.  Install  front  countershaft  bearing  part  way  while  holding  countershaft 
'  in  position 

(NOTE:  Hold  rear  of  countershaft  centered  in  rear  bearing  bore  with 
block  of  wood  or  tool.)* .  . 

> 

3.  Install  rear  bearing  and  seat  on  countershaft  and,  in  case  bore 

X 

:(NOTE:  Use  bearing  driver  to  prevent  damage  to' bearing.) 

4.  Seat  front  bearing  on  shaft  and  in  case  bore  > 

5.  Install  snap  ring  in  groove  in  rear  bearing  bore 

6.  Time  rigljt  countershaft  to  mainshaft  by  placing  one  marked  tooth 
countershaft  fnto  mesh  with  two  marked  teeth  on  main  drive  gear 

7.  Hold  right  countershaft  into  position  and  install  front  and  rear  bearings 
in  same  way  as  left  countershaft  '  + 
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Install  left  reverse  idler  gear 

1.  Install  front  washer  on  pin  in  case 

2.  install  bearing  in  gear 

3.  Install  gear  in  case  N 

4.  Place  rear  washer  and  holder  in  case  bore  ^ 

5.  Install  left  auxiliary  countershaft  bearing  in  case  bore  to  hold  idler  gear 
in  place  \       .*  ;  ' 

(NOTE:  The  front  journal  on  auxiliary  countershaft  is  used  as  a  journal 
■•  for  reverse  idlertjear.) 

•Install  clutch  shaft  bearing  retainer  and  clutch  housing 

1,  Place  clutbh  shaft  bearing  retainer  on  clutch  shaft  and  install  and 
tighten  capscrews  '* 

2.  Place  clutch  housing  on  front  of  transmission  case  and  install  six 
nuts  and  two  bolts 

* 

•  (NOTE:  Use  manufacturer's  torque  ratings  on  all  nuts,  capscrews, 
andjDcQtj.)  ■ 


\ 
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W.    Install  auxiliary  section  to  front  section 

1.   Stand  main  transmission  with  clutch  housing  down  (Figure  23) 


FIGURE  23 


2.  Center  reverse  idler  gears  and  washers  in  case  bores 

(NOTE:  Washers  and  gears <must  be  centered  in  case  bores  to  allow 
front  journals  of  countershafts  to  enter  bearings  of  idler  gears.)  " 

3.  Use  chain  hoist  and  lower  auxiliary  section  onto  front  section  (Figure 

23)  " 

(NOTE:  Align  auxiliary  sectionNon  dowel  pins  in  front  section,  and 
align  auxiliary  countershafts  in  bearkigs  of  idler  gears.) 

•   "  v     ;  24U  X 
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4.  Install  and  torque  auxiliary  capscrews  ' 

5.  Install  and  torque-output  shaft  flange  or  yoke 

X.    Install  shift  bar  housing  ✓  * 

s 

1.  Place  shift  bars  in  neutral 

* 

2.  Place  all  sliding  clutches  pn  mainshaft  in  neutral 

3.  Place  shift  bar  ho^yg  on. transmission  (Figure  24) 


(NOTE:  Be  sure  that  ^M^okesfityin  yoke  grooves  oil  all  sliding 
clutches.) 


.FIGURE*24  . 


4.  jnstall  all  capscrews  and  tighten 
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Y,    Install  range  shift  air  valve 


1.*  Install  actuating  pin  and  spring  in  bore  of  transmissioivpase  (Figure  25) 


oiv^ase 


FIGURE  25 


2s  install  alignmenj^sTeeve  in  air  valve* 


(NOTE:  Piston  in  air  valve  has  to  be  either  all  the  way  forward  or 
all  the  the  way  , to  the  rear.)  «. 

3.   Install  bolt  in  valve  and  tighten 

Z.    Instsll  air  system  lines  (_/ 

u 

1.  Install  high  range  air  line  between  the  air  port  in  the  rear  cover  of  the 
air  cyclinder  and  side  rear  port  of  air  valve 

2.  Install  the  low  range  air  line  from  airporfin  top  ofcylinder  to  street  ell 
in  top  of  the  air  valve  side  cap 

3.  Install  air  filter  and  regulator  assembly  on  mounting  surface  on  left  cear  s. 
of  transmission  case 

4.  Install  air  lines  from  output  port  of  "regulator  and  tee  supply  port 
of  air  valve  then  clamp  line  at  rear  left  of  gear  shift  lever  mounting  bolt 

5.  Install  air  lines  from  range  shift  valve  to  range  shift  control  valve  - 
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MECHANICAL  TRANSMISSIONS 
UNIT  IV 


JOB  SHEET  #5--DISASSEMBLE  A  SHIFTING  BAR  HOUSING 
Tools  and  materials 

A.  Basic  hand  tool  set  - 

B.  v  Shop  towels 

C.  Solvent 

D.  Work  bench  with  vise 

E.  Safety  glasses 
*  Procedure 

A,  Remove  tension  springs 

1.  Turn  out  two  capscrews 

2.  Remove  tension  spring  cover 
3. .  Remove  three  tensiqn  springs 

(CAUTION:  Remove  springs  with  care  or  springs  and  bearing  balls 
wil(  fly  all  over  the  place,) 

B.  Remove  shift  bars,  shift  yokes,  interlock  pin,  and  actuating  plunger 

1.  Place  housing  in  vise  with  plunger  up  and  front  "of  housing  to  the- 
right  *  ■ 

2.  Cut  lockwire  on  lockscrew  in  top  shift  yoke 

3.  Remove  lockscrew 

4.  Remove  top  shift  bar  to  right  , 

(NOTE:  Hold  shift  yokes  while  removing  bars  and  keep  all  bars  in 
neutral.)  •  ... 

5.  Cut  lockwire  on  lockscrew  in  center  bar 

6.  Move  center  bar  to  right  and  out  of  shifting  yoke,  as  neutral  notch 
clears  front  web,  remove  interlock  pin  from  bore  in  neutral  notch 


7.  Remove  actuating  plunger 

8.  Move  lower  bar  to  right  and  remove  shift  yoke 

9.  Remove  two  interlocking  balls  from  front  web 

■  2T3 
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.  UNIT  IV 


JOB  SHEET  #6--INSPECT  A  SHIFTING  BAR  HOUSING' AND  PARTS 

Tools  and  materials  -  , 

A.  Cleaning  solvent  , 

B.  Shop  towels 
Procedure 

A.  Inspect  shift  yokes  and  blocks 

,  v1 .  Check  yokes  for  wear  at  pads 
2.  Check  yokes  for  wear  at  lever  slots 
,  -      3.  Check  yokfe$for>  alignment 

4.  Check  lockscrew  threads  for  wear 

B.  (nspefct  shift  bars  for  wear  at  netural  notche^from  interlock  tails 
(NOTE:  Bars  indented  adjacent  to  neutral  notch  should  be  replaced.) 

£     Inspect  tension  springs  and  balls 

1 .  Check  springs  for  tension  %  * . 

2.  Check  springs  for  cracks  or  breaks  *  " 

3.  Check  balls  for  flat  spots 
(NOTE:  Replace  all  worn  parts.) 


V 
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J     JOB  SHEET  #7- REASSEMBLE  A  SHIFTING  BAR  HOUSING' 

I.  Tools  amd  materials 

-  *  ♦ 

A.  Lubricant 

**        >  • 

B.  Shop  towels  :    *  s 
•  # 

Basic  hand  tool  set  ,  / 

.    D.    Vise  ,>  . 

E.    Safety  grasses  .  .  r 

II.  Procedure  J 

A.    Plac§  housing  in  vise  with  front  to  right  (Figure  1)« 
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FIGURE  1 


Install  4th-5th  shift  bar  and  yoke  % 

1.  Install  in  bottom  boreJFigure  1) 

2.  Install  with  heiitral  notches  to  front 

3.  Install  yoke  on  bar  with  yoke  toward  front 

4.  Install  lockscrew  and  safety  wire 
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C.    Install  interlock  ball  and  plunger 

1.  Install  ball  in  bore  in  front  web  (Figure  2) 

2.  Install  plunger  in  bore  in  rear  web  (Figure 
FIGURE  2 


D.    Install  2nd-3rd  shift  bar 

1.  Install  in  center  bore 

2.  Install  yoke  on  bat*  lockscrew  hole  to  rear 


JOB  SHEET  #7 
3.   Insert  interlock  pin  in  bore  in  neutral  notch  (Figure  4) 


FIGURE  4       C  O 


4.  Install  yoke  lockscrew  and  safety  wire 

5.  Install  interlock  ball  in  bore  in  front  web  (Figure  5) 


c  O 


FIGURE  5 
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Install  first  reverse  shift  bar  and  yoke 
1. 1  Install  in  upper  bore,  neutral  notches  to  front 
2.   Install  yoke  on  bar,  yoke  to  the  rear  (Figure  6) 

FIGURE  6  ,y    -  ° 


3.   Install  yoke  lockscrew  ^nd  safety  wire 
Install  tension  balls,  springs,  and  spring  cover 
t.   Remove  housing  from  vise  and  ptajce  upright  on  bench 
2.  Place  three  balls  in  bores  in  housing  (Figure  7) 

FIGURE  7  / 


JOB  SH  SET  #7 

if- 

Place  three  springs  one  on  top  of  each  ball 
Install  tension  Spring  cover  and  tighten  capscrews 
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JOB  SHEET  #8-INSTALL  A  MECHANICAL  TRANSMISSION 

Tools  and  materials 

A.  Safety  glasses 

B.  Basic  hand  tools 

C.  Creeper  . 

D.  Proper  lubricant 

E.  Chock  blocks 

F.  Transmission  jack 

G.  Alignment  bolts  " 

Procedure  '  ^  * 

A.  Position  transmission  on  jack 

1.  Place  transmission  on  jack 
'  2.   Level  transmission  to  same  degree  as  engine 

3.  Secure  transmission  on  jack  to  prevent  falling  off  during  installation 
JCAUTION:  Chock  vehicle  to  prevent  rolling.) 

B.  Position  transmission  under  vehicle 

1.  Roll  transmission  under  vehicle 

(NOTE:  Jack  vehicle  up  if  necessary  to  get  transmission  under  vehicle.) 

2.  Jack  trahsmission  up  to  where  clutchshaft  lines  up  with  hole  in  clutch 

C.  Install  transmission  to  engine 

1 .  Put  transmission  in  gear 

2.  Move  transmission  forward  to  engine 

(CAUTION;  Make  sure  transmission  and  jack  move  as  a  unit  so  trans- 
mission does  not  slip  off.) 

(NOTE:  While  moving  transmission  forward,  turn  transmission  output 
shaft  so  clutch  shaft  splines  will  line  up  with  splines  in  clutch.) 


J0BSHEET.#8 

3.  Install  two  to  four  line  up  bolts  in  bell  housing 

(NOTE:  Alignment  bolts, can  be  made  of  4"  to  6"  bolts  with  hex 
heads  cut  off  and  slots  cut  in  end  for  screwdriver  to  remove.) 

(CAUTION:  Be  sure  clutch  forks  engage  clutch  release  bearing.) 

4.  Align  clutch  housing  to  bell  housing  when  they  are  about  1"  apart 
so  there  is  equal  distance  between  them  at  all  points 

(NOTE:  Clutch  housing  and  bell  housing  have  to  be  in  alignment  so 
clutch  shaft  will  enter  pilot  bearing.) 

5..  Continue  pushing  transmission  forward  until  there  is  no  space  between 
clutch  housing  and  bell  housing 

(CAUTION:  Never  use  bolts  or  jack  to  force^  housing  together  on 
damage  may  result  to  pilotofearing,  front  transmission  bearing,  and 
clutch  housing.) 

v         -  .-• 

6.  Remove  line  up  bolts  • 

7.  Install  clutch  to  bell  housing  bolts  arid  tighten 

8.  Install  shift  control 

9.  Hook  up  air  lines  (if  used) 

10.  Hook  up  drive  line  universal  joint  to  transmission  yoke 
(NOTE:  Make  sure  drive  line  slip  yoke  is  in  time  if  used.) 

11.  Remoye  transmission  jack 

12.  *  Fill  transmission  to  proper  level 

■» 

(^AUTION:  Make  sure  fill  and  drain  plugs  are  tight  in  transmission 
case.) 
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JOB  SHEET  #9-TEST  A  MECHANICAL  TRANSMISSION  AFTER  REBUILDING 

I.     Tools  and  materials 
•  *    A.  Creeper 

B.  Shop  towels 

C.  Light 

D.  Safety  glasses 
II.  Procedure* 

A.    Visual  inspection  before  roadtest 

1.  "  Visually  inspect  all  bolts  for  tightness,  lockwashers,. and  proper  installa- 

tion 

2.  Visually  inspect  for  lubricant  leaks  - 

3.  Inspect  for  proper  installation  otdriveMn?  4 

4.  .Start  engineto  build  up  air  pressure  and  check  for  air  leaks  in  air  shift 
system  (if  used) 

B*~  Roadtest 

1.  Check  clutch  for  proper  operation 

2.  Listen  for  unusual  noise 

{NOTE:  All  transmissions  make  certain  sounds  which  are  normal. 
Through  experience  you  learn  to  distinguish  between  normal  and 
abnormal  sounds.) 

C.  Visual  inspection  after  roadtest 

1.  Check  for  lubricant  leaks 

2.  Check  for  air  leaks  # 

3.  Check  for  loose  bolts 

* 

D.  Check  lubricant  level  in.  transmission' 
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NAME   

m  '  TEST 

1.   Match  terms  on  the  right  with  their  correct  definitions. 

 a.  Used  to  multiply  engine  tbrque  and. vary 

•:"  vehicle  speed  by  means  of  gears  arranged 

so  that  different  ratios  can  be  selected  to 


1.  Helical  gears 

2.  Idler  gear 


meet  various  operating  requir 
b.  Gears.with  straight  teeth 


emerrts 


c.  Gears  with  slanted  teeth;  usually  found 
in  constant  mesh  synchronized  transmissions 

d.  A  transmission  in  which  the  gear  ratio  is  less 
•  than  one  to  one 

e.  The  number  of  revolutions  the  driving  gear 
must  make  to  turn  the  driven  gear  one  revolu- 
tion 

f.  Device  in  the  transmission  that  allows  two 
gears  being  shifted  together  to  rotate  at  the 
same  speed 

g.  Gear  in  the  transmission  used  to  change 
direction  oi  rotation  of  the  output  shaft 

h.  Timing  assures  that  the  countershaft  gears 
will  contact  the '  mating  mainsh'aft  gears  at 
the  same  time,  allowing  mainshaft  gears 
to  center  on  the  mainshaft  and  equally 
divide  the  load 


3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


Gear  ratio 

Overdrive 
transmission 

Spur  gears 

Transmission 

Output  shaft 

Gear  timing 

Input  shaft 

Synchronizer 

Countershaft 

Gear 


i.  An  intermediate  shaft  which  feceiyes  motion 
from,  a  main-  shaft  and  transmits  it  to  a 
working  part 

j.   A^lrnder  or  cone-shaped  part  having  teeth  * 
on  one  surface  which  mate  with  and  engage 
the  teeth  of  another  part  which  is  not  concen- 
tric with  it  » 

k.  The  shaft  carrying  the  driving  gear  by  which 
the  power  is  applied  to  the  transmission 

I.  The*  shaft  or  gear  which  delivers  the  power 
from  a  device  to  the.  rest  of  the  power*train 


4T 
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2.   Identify  types  of  mechanical  transmissions. 


Clutch  Engaged 
tn  3rd  Speed 
Gear 


Clutch  Engaged 
in  2nd  Speed 
Gear 


Reverse '  Second 


Input  Shaft 
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4.   Identify  parts  of  sliding  clutch  transmission  top  shaft. 

a. 

-  -b. 
t  c. 


d. 


Ring  Bearing 

255 
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5.  Complete  the  following  list  of  parts  on  a  front  section  countershaft. 

a.  Woodruff  key  -  ^ 

b.  Roll  pin 

c.  .  Gear  key 

d.  Snap  ring 

f.  ^ 


9. 
h. 


6.   Identify  parts  of  a  transmission  front  section  case  with  clutch  housing. 


Filler  Plug 


Oil  Temp.  Plug 


Dram  Plug 


  PT.0  Cover- 
Inspection  Plate 


Dowel  Pin  (2V 


Magnetic  Discs  (2) 
Gasket  i 


m 


/a. 

» 

b: 


d; 
e. 


23G 
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7.  Identify  parts  of  an  auxiliary  section  of  a  ten  speed  transmission.* 

% 


Drive  Gear 


a. 


d. 
e. 
f. 
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Identify  parts  of  a  shift  bar  housing. 


r 


a. 
b. 

c, 


d. 
e. 


2c'J 


10.   Identify  parts  of  a  remote  shift  control  assembly, 


Set  Screw 


Cover 


Screw 
and  Washer 


Rod 


Set  Screw— 


a. 
b. 


d. 
e. 


'It  Select  true  statements  concerning  air  flow  for  range^shifting  by  placing  an  "X"  in 
the  appropriate  flanks. 

 ;_a.  Intermediate  rangte-Air.  from  slave  air  valve,  side  connection,  to  front  of 

auxiliary  shift  cylinder        •    ,  *  . 

.    r »  *  '  ■  \ 

•  ^b.  Low  range-Air  from  slave  air  valve  front  connection  to  front*  connection 

^  of  Auxiliary' shift  cylinder,*and  from  control  valve  F  connection  to  small- 
if       line  connection  on  intermediate  shift  cylinder 

_c.  birect  r§nge--Air  from  slave  air  valve  topTconnectiori*to  cbnnection  irrre^r  of 
auxiliary  shif^cylinder  and  from.cpntrol  valve  F  connection  to  small  cpnnec- 
tion  on  intermediate  shift  cylinder,  and  from.control  valve  R  connection  to 
<  '  small  front  connection  of  slave  air  valve.-  '  . 

12.  Indicate  air  flow  in  air  llpes  for  range  shifting. 

r         ,  ^     ^  '       .  .  " 

13.  Demonstrate  trie  ability  to: 

'  %  ,a.     Check  a  mechanical  transmissipn  fluid  level. 


0 


b.  >  Remove  and  disassemble  a  mechanical  transmission.  - 


•  -2.6  U 
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c.  Inspect  transmission  parts. 

d.  Reassemble  a  mechanical  transmission. 

e.  ,  Disassemble  a  shifting  bar  housing. 

f.  ;  Inspect  a  Shifting  bar  housing  and  parts. 

cj.  Reassemble  a  shifting  bar  housing.  "  ; 

h.  Install  a  mechanicattransmission.. 

m  *  * 

L  Test  a  rtiechanical  transmission  after  rebuilding. 

(NOTE:  If  these  activities  have  not  beenv  accomplished  prior  to  test,  ask  your 
instructor  when  they  should  be  completed.)  *• 


c 
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-ANSWERS  TO  TEST 


1.  a. 

6 

e. 

3 

.i.  iU1 

•  b. 

5 

10 

j.  12 

NO. 

c. 

■  1 

g- 

2 

k.  '  9 

d. 

*A 

h. 

'8 

l.«  -7 

2.  a.     Sliding  clutch  , 

b,  Synchromesh ' 

c.  .Sliding  gear  .  «   *   /  * 

3.  a.     First  speed  gear  ,  *- 

b.  Reverse  idler  gear 

c.  Reverse  idler  shaft 

d.  ^Second  speed  gear  * 
*    er   Third  speed  gear 

f.     Reverse  gear 

4.  a..    Clutch  shaft  ^ 

b,  *  Drive  gear  ,  1 

c.  Sliding  clutch' 
'  d.     4th  speed  gear 

i»      Reverse  ge^r 
Mainshaft 

5.  ^  e.<"  PTO  and  2nd  speed  gearptuster" 

f .  3rd  speed  gear 

g.  4th  speed  gear  vn 

h.  m  Drive  gear  # 

6.  a,  *  'Clutch  housing 

*     b.  Clutch  shaft  bushing 

c,  Front  gasket 

d!  PTO  covqi^  • 

e.  Front  section  case 


/ 


7,  a.  Auxiliary  countershaft  assemblies . 

b.  Synchronizer  assembly        *  * 

c.  Low'speed  gear  and  tailshaft  assembly 

d.  ■  Auxiliary  housing  and  rear  bearing  assembly 

e.  .  Bearing  and  seal  housing 


'a.  Plunger 

b.  Spring  - 

c.  Housing 

d.  Gearshift  lever 
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a.  - 

OHM  I  Udl  llUUblliy 

h 

VJ . 

1  st  rpv/prcp  shift  v/nkp 

191.  1  C  VCI  jC  01  II  1  L  y  VJ  I\C 

Is  . 

QKift  hare 

rj 

^nH«^rrl  cnoorl  cKi'ft  wnl^o 
^NU'Oivj  o)jccvj  oi  M  I  L  yui\c 

e. 

4th-5th  speed  shift  yoke 

1  n 
IU. 

a. 

< 

Finger  outershaft 

b. 

Rod  and  bracket  assembly 

c- 

U-Joint  assembly 

d. 

Remote  housing 

e. " 

Finger  innershaft 

11. 

c 

•12.   Evaluated  to  the  satisfaction  Qf  the  instructor 

13.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


AUTOMATIC  TRANSMISSIONS 
LJNIT  V 


UNITOBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  identify  major  parts,  of  an 
automatic  transmission,  explain  the  function  of  automatic  transmission  components, 
and  list  the  make-ready  procedure  for  automatic  transmission  overhaul.' The  student  should 
also  be  able  to  remove  an  automatic  transmission  frqm  a  vehicle,  disassemble  the  trans- 
mission into  subassemblies,  clean,  inspect,  and  reassemble  the  subassemblies,  and  reinstall, 
road  ..test,  and  adjust  an  automatic  transmission.  This  Jcgowledge  will  be'evidenced  by 
correctly  performing  the  procedures  outlined  in  the  job  sheets  and  by  scoring  85  percent  on 
the  unit  test. 

ECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to:  • 

1.  Match  terms  related  to  automatic  transmissions  with  their  correct  definitions. 

2.  Identify  the  major  parts  of  an  automaticltjansmission. 

3.  Arrange  in  order  the  steps  in  an  oil  pump  and  regulating  valve  operation. 

4.  Select  true  statements  concerning  low  range,  high  range,  and  reverse  range  func- 
tions in*an  automatic  transmission. 

5.  Complete  a  list  of  statements  concerning  the  characteristics  Of  automatic  trans- 
mission fluid. 

6.  Arrange  in  order  the  procedure  for  properly  checking  automatic  transmission 
fluid. 

7.  Match  in-vehicle  transmission  tests  with  their  functions. 

8.  Identify  parts  of  a  planetary  gear  system.  *% 

9.  Complete  statements  concerning  planetary  gear  system  operation. 

10.  Match  speed,  torque,  and  directional  functions  of  en  automatic  transmission 
with  ways  they  are  accomplished.  ^3 

11.  Complete  a  list  of  tools  and  equipment  required  for  automatic  transmission 
overhaul.  .  *  • 

12.  Name  three  parts  normally  replaced  at  each  automatic  transmission  overhaul. 

13.  Select  true  statements  concerning  important  elements  of  cleaning  and  inspection. 

14.  Complete  statements  concerning  special  considerations  for  bearing  inspection 
.  and  handling.  ~  .  • 
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15.  Match  other  transmission  components  with  theh*  inspection  requirements. 

16.  Arrange  in  order  make-ready  procedures  for  removing  or  installing  an  automatic 
transmission. 

17.  Ltftthree  general  rules  for.determining  whether  to  reuse  or  replace  a  part. 

18.  Demonstrate  the  ability  to:  * 

a.  Remove  an  automatic  transmission  from  a  vehicle. 

b.  Disassemble  an  automatic  transmission  into  subassemblies. 

c.  Check  end  play  on  a  torque  converter  assembly. 

d.  '  Disassemble,  clean,  and  inspect  a  torque  converter  assembly. 

e.  Rebuild  a  stator  assembly.  . 

f.  Reassemble  a  torque  converter  assembly. 

g.  Disassemble,  clean,  inspect,  and  reassemble  a  modulated  lockup  valve  assem- 
bly. *  ' 

h.  Disassemble,  clean,  inspect;  and  reassemble  a  low  shift  valve  assembly. 

i.  Disassemble,  clean,  inspect,  and  reassemble  a  control  valve  body  assembly. 

j.     Disassemble,  clean,  inspect,  and  reassemble  an  oil  pump  and  front  support 
assembly. 

k.     Disassemble,  clean,  inspect,  and  reassemble  a  forward  clutch  and  turbine 
shaft.  ,  \ 

~  I.     Disassemble,  clean,  inspect,  and  reassemble  a  fourth  clutch.  **' 

m.    Disassemble,  clean,  inspect,  and  reassemble  a  center  support  assembly. 

n.     Disassemble,  clean,  inspect,  'and  reassemble  a  gear  unit  and  main  shaft 
assembly.  \ 

m 

'  o.     Disassemble,  clean,  inspect,  and  reassemble  an  output  shaft. 

p.     Disassemble,  clean,  inspect,  and  reassemble  a  rear  cover  assembly. 

q.  Disassemble,  clean,  inspect,  and  reassemble  an  adapter  housing  and  first 
clutch  piston. 

r.  Disassemble,  clean,  inspect,  and  reassemble  a  transmission  housing. 

•  s.  Reassemble  an  automatic  transmission, 

t.  Install  an  automatic  transmission, 

u.  Test  an  automatic  transmission. 

v*-:  Make  shift  speed  adjustments  on  an  automatic  transmission. 


26  b 


PT-279 


AUTOMATIC  TRANSMISSIONS 
^  UNITV 

'''      SUGGESTED  ACTIVITIES  * 

h. 

»  • 

Provide  student  with  objective^heet. 

Provide  student  with  .information  and  job  sheets. 

Make  transparencies.  *  _ 

Discussinformation  sheet.  # 

.Discuss  and  demonstrate  the  procedures  outlined  in  the  job  sheets. 

Have  an  up. to  date  Detroit  Diesel  Allison  Transmission  Service  Manual  available 
for  reference  while  the  job  sheets  are  being  performed. 

Have  a  safety  director  from  .an  automatic  transmission  overhaulshop  talk  to  the 
class  about  shop  safety  with  special  emphasis  on  using  hoists  and  lifting  slings,  and 
the  need  for  wearing  safety  glasses  when  cleaning  or  drying  parts  with  compressed 
air.  ^ 

Arrange  for  a  field  trip'to  an  industry  that  rebuilds  or  overhauls  automatic  trans- 
missions, and  have  the- students  take  notes  and  make  brief  reports  about  the 
procedures  and  safety  practices  they  observe. 

Have  a  planetary  gear  system  available  for  display  and  demonstration  in  the  class- 
room; explain  how  the  gear  functions  in  high,  low,  reverse,  and  direct  drive. 

Show  films  of  different  types  of  automatic  transmissions,  and  compare  their  over- 
haul requirements  with  the  procedures  contained  in  the  job  sheets  in  this  unit." 

Modify  the  job  sheets  in  this  unit  as  required  to  facilitate  equipment  and  trans- 
missions available  in  your  shop,  but  be  sure  that  any  modifications  reflect  the 
total*  procedures  with  major  parts  and  all  subassemblies  as  presented  in  this  unit. 

Use  charts  or  materials  from  a  service  manual  to  show  students  special  disassem- 
bly and  assembly  tools  recommended  by  various  manufacturers  and  impress  upon 
students  the  necessity  of  having  special  tools  for  disassembly  and  assembly 
procedures.      „  • 

Give  test.  ^ 

INSTRUCTIONAL  MATERIALS  %  » 


Included  in  this  unit: 

A.  Objective  sheet 

B.  '  Information'sheet  • 
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C.  Transparency  masters 

1.  TM  1 --Major  Parts  of  an  Automatic  Transmission 

2.  TM  2-Partsof  an  Oil  Pump 

3.  TM  3— Oil  Purpp  and  Pressure  Regulator 

4.  TM  4-Automatic  Transmission  in  Low  Range 
.   5.  TM  5-Automatic  Transmission  in  High  Range 

6.  TM  6-Automatic  Transmission  in  Reverse  Range 

7.  TM  7--CheckincJ  Transmission  Fluid  Level 
,8.  TM  8-Parts  of  a  Planetary  Gear  System 

D.  Job  sheets 

1.  Job  Sheet  #l--Remove  an  Automatic  Transmission  From  a  Vehicle 

2.  Job  Sheet  #2-Disassemble  an  Automatic  Transmission  into  Subassem- 
blies 

3.  Job  Sheet  #3-Check  End  Play  on  a  Tbrque  Converter  Assembly 

4.  Job  Sheet  #4--Disassemble, ,  Clean,  and  Inspect 'a  Torque  Converter 
Assembly 

5.  Job  Sheet  #5--Rebuild  a  Stator  Assembly 

.  6.  Job  Sheet  #6--Reassemble  a  Torque  Converter  Assembly 

7.  Job  Sheet     -Disassemble,  Clean,  Inspect,  and  Reassemble  a  Modu-. 
lated  Lockup  Valve  Assembly 

.8.  Job  Sheet  #8-Diaassemble,  Clean,  Inspect,  and  Reassemble  a  Low 
Shift  Valve  Assembly   


9.  Job  Sheet  #9--Disassmbfe,  Clean,  Inspect,  and  Reassemble  a  Control 
Valve  Body  Assembly 

•  • 

10.  Job  Sheet  #10-Disassemble,  Clean,  Inspect,  and  Reassemblfe  an  Oil 
Pump  and  Front  Support  Assembly 

11.  Job  Sheet  #1 1-Disassemble,  Clean,  Inspect,  and  Reassemble  a  Forward 
Clutch  and  Turbine  Shaft 

12.  Job  Sheet  #12-Disassemble,-  Clean,  Inspect,  and  Reassemble  a  Fourth 
Clutch  * 

13.  Job  Sheet  #13--Disassenr>ble,  Clean',  Inspect,  and  Reassemble 'a- Center 
Support  Assembly  "V 

14.  Job?  Sheet  #14--Disassemble,  Clean,  Inspect;  and  '  Reassemble  a  Gear 
Unit  and  Main  Shaft  Assembly  ' 
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15.  Job  Sheet  #15--Disassemble,  Clean,  Inspect,  arnd  Reassemble  an  Output 
Shaft 

16.  Job  Sheet  #16--Disassemble,  Clean,  Inspect,  and  Reassemble  a  Rear 
Cover  Assembly 

17.  Job  Sheet  #17--Disassemble,  Clean,  Inspect,  and  Reassemble  an  Adapt- 
er Housing  and  First  Clutch  Piston 

18.  Job  Sheet  #18--Disassemble,  Clean,  Inspect,  and  Reassemble  a  Trans- 
mission Housing 

19.  Job  Sheet  #19--Reassemble  an  Automatic  Transmission 

20.  Job  Sheet  #20— Install  an  Automatic  Transmission, 

21.  Job  Sheet  #21 -Test  an  Automatic  Transmission 

22.  Job  Shqet  #22--Make  Shift  Speed  Adjustments  on  an  Automatic 
Transmission 
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Terms  and  definitions 

A.  Accumulator-A  device  used  in  automatic  transmissions  to  cushion  the 
shock  of  clutch  and  servo  actions 

B.  Automatic  transmission-^  transmission  in  which  gear  ratios  are  changed 
automatically 

C.  Band-In  an  automatic  transmission,  a  hydraulically  controlled  brake  band 

installed  aroiind  a  metal  clutch  drum,  used  to  stop  or  permit  drum  rotation 

w 

D.  Governor-A  device  used  in  certain  automatic  transmissions  to  control 
gear  shifting  in  relation  to  vehicle  speed 

-E.— Kickdown--A  system  Jaan^utomatic  transmission  .which.pro_dM_ces_ a jloWrv 
shift  when  the  accelerator  is  pushed  down  to  the  floorboard 

F.  Multiple-disc  clutqh-A  clutch  which  has  more  than  one  friction  disc;  usually 
there  are  several  driving  discs  and  several  driven  discs,  alternately  placed 

i 

G.  Pressure  regulator-A  valve  that  opens  to  release  oif  from  a  line  when  the  oil 
pressure  attains  specified  maximum  limits 

H.  Servo--A'  device  in  a  hy?h%ulic  system  that  converts* hydraulic  pressure 
into  mechanical  movement;  it  consists  of  a  piston  which  moves  in  a  cylinder 
as  hydraulic  pressure  acts  on  it. 

I.  Shift  valve-A  valve  that  moves  to  produce  the  shifts  from  one  gear  ratio  to 
another 

J.  One-way  clihch-A  clutch  in  whicb  power  can  be  transmitted  in  one  direction 
but  not  in  the  other 

K.  Transmission  oil  cooler-A  small  radiator,  mounted  separately"^-  aspart 
of  the  engine  radiator,  to  cool  the  transmission  lubricating  oil 

L.  Wet-disc  clutch-A  clutch  in  which  the  friction  disc  (or  discs)  is  operated  in  a 
bath  of  oil 

M.    Viscosity-The  resistance  ojLa  liquid  to  flow  ) 

Example:  A  thick  oil  has  greater  viscosity  than  a  thin  oil 

N:  Vacuum  modulator-A  device  in  automatic  transmission  that  modulates, 
or  changes,  the  mainline  hydraulic  pressure  to  meet  changing  engine  loads 
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0.  Planetary  gear  system-A  gear-set  consisting  of  a  central  sun  gear  surrounded 
by  two  or  rrtsre  plape^pinions  which  are,  in  turn,  meshed  with  a  ring  gear; 
used  in  overdrives  and  automatic  transmissions- 

P.  Power  shift—A  transmission  designed  to  provide  high  speed  by  the  use 
of  hydraulic  actuated  clutches  operated  manually 

1 1 .      Major  parts  of  an  automatic  transmission  (Transparency  1 ) 


A. 

Lockup  clutch 

B. 

Torque  converter 

C. 

Forward  clutch 

D. 

Fourth  dutch 

E. 

'  Third  clutch 

F. 

Second  clutch 

G. 

Center  planetary 

H. 

First  clutch 

I. 

Low  clutch 

J. 

Output  shaft 

K. 

Lo\fr  planetary. 

L. 

Rear  planetary 

M. 

Connecting  drum 

N. 

Front  planetary 

0. 

Sun  gear  shaft 

P. 

Main  shaft 

Q. 

Turbine  shaft 

9 
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III.-  *   Oil*  pump  and  pressure  regulating  valve  operation  (Transparency  2) 

A.  The  hub  of  converter  pump  fits  intd  notches  of  oil  pump  and  driving  oil 
pump  when  engine  is  running 

B.  The  oil  punrtp^is  of  the  gear  type,  and  the  crescent  is*  part  of  the  pump 
housing  (Transparency  3) 

*  *»* 

C.  When  the  inner  gear  is  turnejj  by  the  converter  hub  the  outer  gear  also 
turns 
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D.  As  the  teeth  of  the  two*  gears  move  apart  oil  is  drawn  in  through  an  oil 
4  cavity  (Transparency  3)      ' '    i  "   ~  -.i 

E.  As  the  ojl  in  the  teeth  of  the  gears  is  cafried  around  td  othertide  of  crescent, 
the  teeth  come  together,  pressure  is  created,  and  the  oil  is  forced  out  the 
pressure  cavity  (Transparency  3) 

F.  The  oil  pump  can  create  low  flow  at  low  speed  and  high  flow  at  highspeed, 
so  a  pressure  regulating  ^valve  is  used  to  keep  pump  from  building  to  high 
flow  (Transparency  3)  N 

G.  The  v^llve  is  usually  of  sthe  spool  type  and,  when  there  is  no  pressure  on 
valve,/the  spring  pushes  the  valve  to  the  bottom  of  its  bore 

*  j  f      *  ^ 

H.  White  engine  is  running,  th£  pump  directs>the  oil, to  the  pressure^gy^ator 
valve,  then  the  oil  comes  in  around  the  lands  bf  tffespbol  ~ 

I.  A$  the  oiTflows  through  the  pressure  line,-a  small  amount  flows  through, 
an  orifice  under  the  valve 

J.  As  pressure  is  built  up,  the  valve  rises  and^one  band  will  uncover  the  passage 
leading  to  the  return  line,,  and  this  prevents  the  pressure  from  getting  too 
high        ;  ■ 

Low  range,  high  range,  and  reverse  range  functions  in  an  automatic  transmission 

♦ 

A.  *  Low  range  (Transparency  4)  * 

1.  The  engine  turns  the  torque  converter/ which  turns  the  transmission 
^  pump  and  input  shaft  - 

•    ~  *v  *"  * 

2.  Low  band  is  applied  either  manually  or  by  hydraulic  pressure 

3.  When  the  low  band  is  applied  the  clutch  drum  and  low  sun  cjear  are 
*         held  stationary 

4.  The  input  sun  gear  isVjrning  in  the  same  rotation  as  the  engine 

5.  The  input  sun  gearis  in  mesh  with  the  long  pinion  gears,  which  are 
ih  mesh  with,  the  short  pinion  gears 

6.  As  the  short  pinion  gears  walk  around  the  ring  gear,  the  output  shaft  is 
,      ■  connected  to  the  planetary-pinion  carrier,  which  is  rotating  wkhTthe 

'  plapet  gears  ^  *" 

(NOTE:  Gear  reduction  is  achieved  in  the  combination  of  the  short 
and  long  pinions.)         *  <  %  ^ 

»  * 

B.  High  range  (Transparency  5) 

1.  Engine  turns  torque  converter,  which  turn^  oil,  pump,  and  input  shaft 

2.  The  low  band  is  released  in  high  range  ' 
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3.  The  forward  clutch  is  applied  which  locks  the  sun  gear  to  the  input 
shaft 

4.  The  whole  planetary  gear  system  turns  as  a  unit 
(NOTE:  There  is  no  gear  reduction  in  the  transmission.) 

C.     Reverse  range  (Transparency  6) 

1.  Engine  supplies  power  to  the  torque  converter,  which  turns  oil  pump 
•  *  and  input  shaft 

2.  The  low  band  and* forward  clutch  are  released 

3.  '  The  reverse  clutch  is  applied  either  manually  or  by  hydraulic  pressure 

4.  The  reverse  ring  gear  is  held  stationary,  and  the  sun  gear  turns  the 
planet  gearsin  the  opposite  directions  (reverse) 

5.  Since  the  planet  carrier  is  attached  to  the  planet  gears;  it  is  turning  the 
■  same  direction  as  the  planet  gears 

6.  The  output  shaft  is  attached  to  the  planet  carrier  which  is  turning 
in  reverse 

(NOTE:  There  is  a  gear  reduction  in  reverse  because  of  small  planet 
gears  turning  around  ring  gear.)  ^ 

Characteristics  of  automatic  transmission  fluid 

# 

(NOTE:  It  is  very  important  to  use  the. correct  transmission  fluid  that  is  recom- 
mended by  the  transmission  manufacturer.) 

A.    Automatic  transmission  fluid  has  several  additives,  such  as:  ■ 

1.  Vi$cosity*index  improver 

2.  Oxidation  and  corrosion  inhibitors 

3.  Extreme-pressure  and  antifoam  agents 

4.  Detergents 

5.  Dispersants 

8.  Friction  modifiers  -  * 

7.  Pour  point  depressants  • 


.  8.   Fluidity  modifiers  # 
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B.  The  red  dye  is  added  to  fluid  so  it  will  not  be  confused  with  any  other 
lubricants 

C,  Do  not  use  a  fluid  that  is  not  recommended  by  manufacturer  because  jt 
could  cause  serious  damage  to  transmission 

Procedure  for  properly  checking  automatic  transmission  fluid  (Transparency  7) 

A.  Block  wheels  and  apply  parking  brake 

/ 

B.  Operate  engine  until  transmission  fluid  is  at  normal  operating  temperature 

C.  Shift  transmission  through  all  ranges  atjdle  speed 

D.  Leave  engine  idling  and  shift  transmission  into  the  recommended  position 

E.  Clean  all  dirt  from  around  dipstick  and  capy 

T.    Pull  out  and  wipe  dipstick;  reinsert  until  cap  bottoms  on  filler  tube 

G.  .  Pull  dipstick  and  check  if  level  is  between  arrows  or  Full  and  Add  marks; 
adjust  fluid  level  as  necessary 

(CAUTION:  Do  not  over  fill  the  transmission.) 
In-yfcbicle  transmission  tests  and  their  functions 

^A.    Road  test-Warms  up  transmission  fluid  to  operating  temperature,  and 
indicates  overall  characteristics  off  transmission  operation 


B.  Stall  -test-Indicates  the  condition  of  torque-converter  operation  and  strength 
of  hydraulic  system 

C.  -Fluid  pressure  test-Tests  e/ch  hydraulic  circuit  and  compares  it  with  manu- 
*  •  facturer's  specifications  tc/  detect  general  problems  in  hydraulic  components 

D.  Air  pressure  tej£=Jests ,each  hydraulic  component  individually  for  pressure 
leaks 

Parts  of  a  planetary  gear  system  (Transparency  8) 

A.  '  Sun  geai* 

B.  Planet  pinion  (ge^rs) 
G.    Ring  gear  (internal) 

D.  Planet-piniorycarrier  and  shaft 

E.  Sura-gear  shaft 

-   /  • 

F.  -  Tube  to  rihg  gear  ^°^4 
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IX.      Plaoatary-gear  system  operation  '  4 


A-    A  planetary  gear  systerh  can  act  as  a  speed  increaser  and. a  torque  reducer 

Co  *  V  . 

1  »  •  * 

VB.*   The  planetary  gear  system  also  can  act  as  a  speed  reducer  and  a  torquei 
r      ,  increaser  .  ,  J 

*C.    The  planetary  system  can  a'lso  act  as  a  means'  to  reverse  flow  of  power 

D.  To  get  different  speeds  and  different  torques  and  reverse  is  made  possible  by 
applying  the  input  rotation  to  different  gears  'and  holding  one  of  the  Other3, 
.two  gears  stationary 

(  '  • 

X.      Speed,  torque,  and  directional  functions  of  an  automatic  transmission  and  ways 
they  are  accomplished  4  J  *  ■ 


A?    Speed  inicreased-forque  reduced 

1,  If  the  sun  gear  is  held  stationary  and  the  planet-pinion  carrier  turns, 
*       there  is  a  speed  increase  at  the  ring  gear 

*    '  * :     *  \ 

2.  ff  the  ring  gear  is  held  stationary  and  the  planet-pinion  carrier  turns, 
there  is  a  speed  increase  at/the  sun  gear  ,  * 

^  *       B.    S£>eed  redgcedL-torqu6  increased  / 

1.  If  the  sun  gear  is  hefld  stafion£ry^nd  the  ring  gear  turns,  there  is^a  speed 
reduction  in  th^  rotation  ofW^planet-pinion  carrier  r 

2.  If  the  ring  gear  is  hefd  stationary  and  the  sun  gear  turns,  the  planet- 
piniOn  carrier  turns  in  the  same  direction  as  sun, gear  but  at  a^slower 
-speed  ,  . 

C.   ^Reverse  «  ' 

i    •  '  *  o 

1.  If. the  planet-pinion  carrier  is  held  stationary  and  the  ring  gear  turns,  the 
planet-pini6n  acts  as  an  idler  gear  and  turns  sun  gear  in  opposite  rota-' 
tion  of  ring  gear    •  ,  «  - 

2.  If  the  planet-piniorucarrier  is  held  stationary  and  the  sun  ,gear  turns, "the 
m    '                        planet-pinion  acts  as  an  idler  gear  and  turns  the  r/ng  gear  in  opposjtfe 

rotation  of  sun  gear  4  " 

^  ,  D.  -Direct  drive-ff  any  two  of  the\three  mdnrVber^  (sun/gear., ,  carrier,  or,  ring 

gear)  are  locked  together,  the  whole  planetary'  gear  /system  is  locked' out 
.        -  and-the  input  and  output  shaft  turn  at  the'same,  speed  J 

XI.      Tools  and  equipmen^equlreti  for  automatic  transmission  gverhaul 

{  A.    1 500-pound  edacity  work  table-  ; 

B.    Special  td^ols^as  recommended  by  nianufactui^nn  s^Vic.e^  manual 
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Common^mechahic's  tools  and  shop  equipment 
•1^  Snapring  pliers 

2.  Micrometg 

3.  S^gJifting  sling  of  1/2  ton  capacity  with*  90°  angle  attaching  plates 
1/2  to»  capacity  hoist  (safefty  inspected) 

5?  Container  of  volatile  mineral  spirits 'for  cleaning  parts 

(CAUTION:  Caustic  cleaning  compounds*  will  damage  some  transmis- 
sion  parts.)-  /  -# 

6.  Torque  wrfcnches:  100-inch  pound,  100-foot  iDOund/ and  1000-foot 
pound        ,  ^ 
o.       "     '  .         .  -  "% 

7i:  Hot  plate  or  heating  equipment  for  heating  bearings  or  other  interfer- 
H  ence-fit  parts  to  aid  assembly 

8.  ' Clean,  lint-free  shop  cloths '       .  ^ 

9.  Boxes,  receptacles  for  parts 

r 

10- '  Supply  of  wood  blocks 
11.  Oihsoluble  grease  (petrolatum)    •  1 
'   '12.  Nonhardening  sealer,  Peratex  No.  2  or  equivalent 
13.  Crocus  cloth 

(NOTE:  Crocus  cloth  is- sometimes  called  ,!emeryu  cloth,  but  the 
two  should. not  be  confused;  crocus  cloth  dontains  iron  oxide  which 
is  tightly  abrasive  and  has  hjg^i  polishing  characteristics;  emery  cloth 
*  *  contains  a.  coarser  variety  of  corundum  and  is  used  for  grinding  as  w%ll 
as  polishi  ng.)    r  v 

14.  Soft  hpning  stone 

Parts  normally  replaced  at  each  automatic  transmission  overhaul 

A.  Gaskets 

B.  Lockstrips 

C.  Washers  or  sprin/gs  damaged  by  removal 

D.  Oil  seals  and  f^fstoh  sealnrigs  " 

(CAUTION:  Do  not  burn  discarded  Teflon  seals;  toxic  gases  are  produced 
bybQrning.)  ,  . 
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Important  elements  of  cleaning  and  inspection 

.A.    All  parts  must  be  clean  to  permit*e/fectiv£  inspection 

(NOTE:  At  reassembly,  it  is  very  important  that  no  dirt  or  foreign  matter  be 
allowed  to  enter  the  transmission;  even  minute  particles  can  cause  the 
„  malfunction  of  close-fit  parts  such  as  valves.) 

B.  All  the  metallic  parts  of  the  transmission,  except  bearings  and  friction-faced 
clutch  plates,  should  be  thoroughly  cleaned  with  volatile  mineral  spirits  or 
by  steam  cleaning 

\ 

C.  Parts  shQuld  be  dried  with  compressed  air 

(CAUTION: "When  using  compressed  air  for  cleaning  or  drying,  ALWAYS 
WEAR  SAFETY  GLASSES,) 

D.  Steam-cleaned  parts  should  be  oiled  immediately  after  drying 

E.  Oil  passages  should  be  cleaned  by  working  a  piece  of  soft  wire  back  and 
forth  through  the  passages  apd  flushing  with  mineral  spirits,  then  drying  with 

.  compressed  air  , 

F.  Examine  all  parts,  especially  oil  passages,  after  cleaning  to  make  certain  they 
are  entirely  clean 

* 

Special  considerations  for  bearing  inspection  and  handling 

A/*  Inspect  bearings  for  roughness  of  rotation;  replace  bearing  if  rotation  is  still 

rough  after  cleaning  and  oiling^ 

y  .  '  ' 

B.     Inspeqt  bearings  for  scored,  pitted,  scratched,  cracked,  or  chipped  races,  and 

for  excessive  wear  of  rollers  or  balls;  if  any  one  of  these  defects  is  found, 

replace  the  bearings  < 

C  Inspect  bearing  housing  ahd  shaft  for  grooved,  burred,  or  galled  conditions 
that  would  indicate  the  bearing  had  been  turning  in  the  bore  or  on  the  shaft ' 

(NOIE:  If  damage  cannot  be  repaired  with  crocus  cloth^eplace  the  defec- 
,  tiv^part,)    ^  <y  . 

D.  Do  not  rejnove  tfte  wrapper  from  new  bearings  until  ready  to  install  them 

E.  Do  not  remqvethe  grease  in  which  new  bearings  arp  packed 

F.  Do  not  lay  bearings  on  a  dirty  bench;  place  them  on  clean,  lint-free  cloths  or 
paper 

G.  If  assembly  is  not  to  be  completed  at  once,  wrap  or  cover  the  exposed 
bearings  with  clean  paper  or  lint-free  cloth  to  keep  dust  but 
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Other  transmission  components  and  their  inspection  requirements 

A.  Cast  parts,  machined  surfaces-Inspect  bores  for  wear,  scratches,  grooves,  and 
dirt 

B.  Oil  passages-Inspect  for  obstructions 

C.  Mounting  faces-Inspect*  for  nicks,  burrs,  scratches,  and  foreign  matter 
ThreSdeS^peni  ngs-l  nspect  for  damaged  threads 

E.  Bushings- tnjspect  for  scores,  burrs,  roundness,  sharp  edges,  and  evidence  of 
overheating 

F.  ThrustSwshers-lnspect  for  distortion,  scores,  burrs,  and  wear 

G.  Oil  seals  aiyTsqaskets-lnspect  sealrings  for  cuts  and  hardness;  replace  all 
compositioX  gaskets 

H.  Gears-Inspect  for  scuffed,  nicked,  burred,  or  broken  teeth;  inspect  thrust 
face  for  scores,  scratches,  and  burrs  ; 

I.  "  Splined  parts-Inspect  for  "stripped,  twisted,  chipped,  or  burred  splines 

J.     Snaprings-lnspect  for  nicks,  distortion,  and  excessive  wear 

K:    Springs-Inspect  for  signs  of  overheating,  perm^ient  set,  or  wea*due  to 
rubbing  against  adjacent  parts 

{NOTE:  When  springs  require  replacement,  the  manufacturers  spring  chart 

should  be  used  to  selecta  proper  replacement.)  ^ 

t 

•L.    Clutch  plates- Inspect  friction-faced  steel. plates  for  burrs,  embedded  metal 
-  particfes,  severely  pitted  faces,  excessive  wear,  cone,  cracks,.distortion,  and 
damaged  spline  teeth;  inspect  steel  plates  for  burrs,  scoring,  excessive  wear,, 
cone,  distortion,  embedded  metal,  galling,  cracks,  breaks,.and  damaged  tangs 

M.    Swaged,  interference-fit  parts- Inspect -for  looseness  due  to  relative  motion 

N.    Balls  in  clutch  housing-Inspect  for  restrictions  to  free  movement 

0.*  -Seal  contact  surfaces- Inspect  for  roughness,  scoring,  pitting,  or  wear  that 
will  either  permit  oil  leakage  or  cause  damage  to  the  seal 

Make-ready  procedures  for  removing  or  installing  an  automatic  transmission 

*  •  *• 

A.    Drain  the  oil  from  the  transmission  before  removing  the  transmission  from 
the  vehicle 

(NOTE:: 'For  better  drainage,  the  transmission  should  be  warm. and  allowed 
to  drain  overnight;  since  applications  will  differ,  consult  the  service  manual 
*  before  removing  or  reinstalling  a  transmission.) 
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Make  sure  that  all  linkages,  controls,  cooler  lines,  modulator  actuator  cable, 
temperature  connection,  input  and  output  couplings,  and  mounting  bolts  are 
disconnected  before  transmission  removal,  also  the  oil  filler  tube*and  other 
equipment  such  as  attached  parking  brake  handle** 

Place />il  lines  safely  out  of  the  way  of  damage  and  cover  all  oi.llme  openings 
to  keep  dirt  out 

T 

Place  jack  or  hoist  sling  relative  to  transmission  center  of  gravity  - 

Install  a  retaining  strap  to  hold  the  converter  in  place  as  soon  as  ihe  trans- 
mission-is clear  of  its  mountings  .  ^ 

(NOTE:  The  torqufreonverter  is'free'to  move  forward  when  the  transmiss'ion 
is  disconnected  from  the  engine.)  *  * 

•  Clean  the  exterior  of  the-transmissiorf     •  / 

(CAUTfON:  Steam  cleaning  should  be  followed  immediately  by  disassembly, 
because  condensation  allowed  to  remain  in  the  transmission  could  cause 
rust.) 

At  reinstallation,  all  items  should  be  reconnected;  a  transmission  jack  is 
convenient  to  raise  tfie  transmission  into  mounting  position 

Fill  the  transmissicpfwith  ail 

Road  test  the  transmission  aftWlhstallation 

neral  r^ules  f^r  determining  whether  to  reuse  or  replace  a  Rart 

Minor  surface  irregularities  can-usually  be  corrected  with  a  crocus  cloth  and 
the  part  can  be  reused  ^  > 

Some  nicks,  scuffs,  and  burrs  can  be  corrected  with  a  soft  honing  stone 
and  the  part  can  be  reused 

Parts  that  cannot  be  smoothed  or  corrected  with  crocus  cloth  or  a  soft 
honing  stone  or  parts  that  are  'obviously'  distorted  or  excessively  worn 
should  be  replaced 
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Basic  Parts  jrf  an  Automatic  Transmission 

♦ 

/ 
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Parts  of  an  Oil  Pump 


Converter         Converter  Oil  Pump 

Cover  Pump  Assembly 


* 

Courtesy  General  Motors  Corporation 
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Oil  Pump  and  Pressure  Regulator 


•  Maximum  Pump  Output        "   Minimum  Pump  Output 

- — 1  ' — ^^P"^ 

Courtesy  General  Motors  Corporation  ' 

TM  3 


Automatic  Transmission  in  Low  Range 


Pump 


Clutch  Drum  and  Low  , 
Sun  Gear  Held  Stationary  . 

)  Reverse 
7    Ring  Gear 

Low  Sun  Gear 


Low  Band 
Applied 


Forward 
Clutch  \ 

Forward 
Clutch 
Released 


Long 
Pinion 


|\  Planet 
Carrier 

^Reverse 
Clutch 


Courtesy  General  Motors  Corporation 
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Automatic  Transmission  in  High  Range 


Low  Sun  Gear  Locked  to  Input  Shaft 
Pump  -      \     _  Entire  Planetary 


-  m 
Stator' 

Roller  ' 
Clutch 


plfn^ar  Gear  System  Turns 

Low  Sun  Gear'  B  3$  a  Unit 


Input; 
Shaft- 

Stator 
Shaft 


Low 


k  short.^m 

\  Pinion     /  flfflij 


Band    Forward  Long 
Turbine  \        Clutch.  pinion 


IX  Planet1 
Carrier 


Reverse 
Clutch 


\ 


Low  Band  Released      .  Foiwar(j  clutch  Applied 
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Automatic  Transmission  in  Reverse  Range 


Pump 


Reverse  Ring  Gear 

Held  Stationary  \ 

Reverse  ^  Sun  Gear  Turns  Planet 

Ring  Gear  Gear  in  Opposite 
Direction  (Reverse) 

Input  ~~ 
Sun 
Gear 


x 


Band    Forward     Long  /^Reverse 
'  Clutch 

Low  Band  and  Forward  Reverse  Clutch  Appied 
Clutch  Released  1 


ft  S 


Courtesy  General  Motors  Corporation 
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Checking  Transmission  Fluid  Level 


Operating  Temperature 
Fill  Range     ,  . 


J 


/ 
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Parts  of  a  Planetary  Gear  System 


Sun>Gear 


V 


Shaft  to 
Sun  Gear 


.  2 


Ring  Gear 


Shaft 
-to 
Carrier 


Tube  to. 
Ring  Gear 


Planet  Gears 
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AUTOMATIC  TRANSMISSIONS 
UNITV 


JOB  SHEET  #1--REMOVE  AN  AUTOMATIC  TRANSMISSION  FROM  A  VEHICLE 

*  * 


I.      Tools  and  materials 


•A. 

Basic  hand  tools 

B. 

✓ 

Transmission  jack' 

C. 

Hoist 

D. 

Floor  jack 

E. 

Jack  stands 

Wooden  blocks 

G  ,v 

Drop  light 

H. 

(peeper 

I.' 

Shop  towels 

J. 

Safety  glasses 

K. 

Drain-pan  (oil  and  coolant) 

II.      Procedure  ^ 

A.  Disconnect  the  battery  GROUND  cable  . 

B.  Remove  starter  (if  needed) 

C.  Repnove  wires,  coolant  lines,  shift  rod,  vacuum  lines  (if  used),  downshift  rod, 
speedometer  cable,  filler  tube 

D.  Mark  and  remove  the  propeller  shaft 

E.  lyiark  and  remove  any  PTO  propeller  or  linkages  if  used 

F.  Drain  the  converter  and  transmission  of  fluid 

G.  Remove  the  converter  to  drive.plate  fasteners 

»  »  > 

.  H.    Mark  the  drive  plate  and  converter  to  assure  proper  reassembly 
I.     Place  a' jack  under  the  engine  if  motor  mougts  are  part  of  the  transmission 

(CAUTION:  Do  not  damage  the  pan. ), 
J.  ■  Remote  the  transmission  support  to  crossmember  fasteners,  if  used 
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K.    Raise  the  engine  transmission  assembly,  if  necessary 

L    Position  a  transmission  jack  under  the  transmission 

(NOTE:  Always  secure  the  transmission  to  the  jack  with  a  safety  chain.) 
(Figure!) 

FIGURE  1  ■ 
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1\J.    Work  the  transmission  and  converter  back  far  enough  to  position  a  converter 
retaining  -strap  or  bar  (Figured) 

FIGURE  2* 


Converter  Housing 


Retaining  Strap 


Converter 


L 

0.  -^-Remove  the  transmission  and  converter  as  an  assembly 

~~P.    "Pull  the  .transmission  back  until  clear  of  everything  and 'then  lower  to  floor 

^(CAUTION:  Never  let  the  weight  of  transmission  and  converter  rest  on  the 
drive  plate.)  "  •  * 


Q.    Stqp  at  this  pofnt  and  have  your  instructor-check  and  initial  your  procedure 
and  s^fe  practice 

'    '  INSTRUCTOR  CHECK:  Procedure[~^Safety|  |lnitialsp~j 


PT-313 


AU  VOMA'I  IC  T KANSMISSIONS 
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JOB  SMhL  \  f?2  DISASSEMBLE  AN  AUTOMATIC 
TRANSMISSION  fN  TO  SUBASSEMBLIES 


Tools  and  materials        ,  -# 

A.  Basic  hand  tools 

B.  Clean  shop-towels 

C.  Cleaning  solvent  in  clean  container 

D.  Hpist  '  " 

E.  7 ransmission  overhaul  stand  *  '  * 
•  * 

F      Holding  plate  and  holding  fixture 

Three-stand  lifting  sling  * 

H.  f  Appropriate  bet  v'ice  manual 

r 

I.  Special  disassembly  tools  as  recommended  by  manufacturer 
r    J.     T orque  convei  ter  retaining  strap^  ^ 

K     Torque  converter  lifter  * 

L     Front  lifter  support  assembly  (  y 

M.    Center  support  lifter  *  4 

-  N.    Gear  unit  lifter  * 
0     Output  shaft  lifting  too!  , 
P.     Safety  glasses 

Procedure  * 

'(NOTE  The  foliuwiny  procedure  andi illustrations  are  adapted  from  materials 
*  published  by  D.etroit  Diesel  Allison,  (£)  General  Motors  Corporation,  and  are 
reprinted  with  permission/ this  adaptation  does  not  constitute  endorsement 
by  either  Detroit  Diebd  Allison  or  General  Mcnors  Corporation  and  the  procedure 
may  be  modified  by  your  instructor  to  facilitate  available  equipment.) 

A.    Mount  the  -transmission  m  an  overhaul  stand  with  the  following  procedure: 

(CAUTION,  "I he  torque  converter  must  be  held  into  the  transmissjon  by 
a  retaining  strap,  make  sure  the  strap  is  in  place  before  lifting  thetransmis-  - 
sion.)  • 

1.   Remove  the  six  bolts  that  retain  the  PTO  cover 


% 
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•  -  . 


^.   Remove  the  cover  and  gasket  , 

3.  Replace1  the  PTO  cover  with  a  >24462-1  holding  plate  and  a  J-23^42 
holding  fixture 

^  •  i 

4.  Secure  the  plate  and  fixture  with  six  3/8-16  x  1-3/4-inch  bolts  (Figure 
1) 

/ 

5.  Attach  a  three-strand  lifting  sling  land  hoist  the  transmission  into 
position  for  attachment  to  the  J-3289-20  holding  fixture  ba^  (Figure 

D 

FIGURE  1 


3/8-16x13/4(1 


ERIC 


Check  the  transmissions  be  sure  the  front,  rear,  and  bottom  are  freely 
accessible  for  removal  and  reinstallation  of  components 

(NOTE:  The  transmission  stand  may  be  mounted  in  any  available  turnover 
stand,  but  any  attachment  at  the  PTO  pad  should  use  bolts  that  will  not 
project  into  the  inside  Of  the  hoUsing  to  obstruct  removal  and  reinstallation 
of  components.) 

Check  to  assure  that  the  stand  will  permit  positioning  of  the  transmission  in 
the  following  four  positions:  .  . 


1.  Horizontal-Top  of  transmission  upward 

2.  Horizontal-Bottom  of  transmission  upward 

3.  Vertical-Front  of  transmission  upward 
"4.  Vertical-Regr  of  transmission  upward" 
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D.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice      ■  * 

TRUCTOR  CHECK:  Procedure[~]safety[      [initials]     |  , 

Remove  torque  converter  with  the  following  procedure: 

1.  Position  the  transmission  front  upward 

2.  Check  the- converter  retaining  strap -to  make  sure  it  is  firrrtly  secured 
•  3.  Attach  torque  converter  lifter  J-6795-01  *  * 

4.   Lift  complete  torque  converter  from  the  transmission  (Figure  2) 
FIGURE  2 

J-6795-01 


f5.  Set  torque  converter  aside  for  later  disassembly 

F.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


INSTRUCTOR  CHECK:  Procedure]  "|s 
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G.    Remove  the  modulator  control  and  oil  pan  with<4tj£  following  procedure: 

1 .  Remove  th^  modulator  retainer  bolt  (Figure  3) 

2.  Remove  the  modulator  control  (Figure  3)  ■ 

I    3.   Remove  the  21  washer-head  screws  that  retain  the  oil  pan  (Figure 

4.  Remove  the  old  pan  and  aasket  (Figure  4)  . 


FIGURE  3 


FIGURE  4 


H.  Stop  art  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  .  ^ 

INSTRUCTOR.CHECK:  Procedure|     jsafety|      |lnitials|     |  - 

I.  .    Remove  oil  filter  and  modulated  lockup  valve  witfi  the  following  procedure:  . 

1 .  Remove  the  screw  that  retains  the  oil  filter  (Figure  5) 

2.  Remove  and  discard  the  dil  filter 
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3.   Remove  the  oil  filter  tube  and  discard  the  sealring  from  the  upper 
end  of  the  tube  (Figure  5) 

(NOTE:  This  procedure  is  for  later  model  oil  filters;  for  earlier  model 
*oil 'filters,  the  procedure  is  the  same  except  that  the  filter  and  sealring 
shpuld  be  discarded  after  removal.)  \ 
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OIL  FILTER 


J.     Remove  modulated  lockup  valve  body  with  the  following  procedure: 

V.  'Remove  the  four  bolts  th'at  retain  the  valve  body  (Figure  5) 

2.   Remove  the  valve  body  assembly  and  place  it  in  a  safe,. clean  place  for 
inspection  •  - 

K.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedurep^]safety|      [initials]  | 
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L     Remove  the  low  shift  valve  and  control  valve  body  assembly  with  the  follow- 
ing procedure:  , 

■  1,   Remove  the  following  .tubes:  drive<l,  forward  regulator,  low. and 
first  feed,  the  first  trimmer  (Figure  6) 

|. 

FIGURE  6  . 


DRIVE-l  v 


FIRST  TBIMMER 
LOW  AND  FIRST  FEED 

,2.   If  the  tubes  are  fastened  to  the  control  valye  body  with  bolts,  remove 
the  bolt?  and  tubes 

3.,  Remove  the  bolts  that  retain  the  low  shift  valve  assembly 

4,  Remove  the  valve  body  assembly  . 

5.  Remove  the  separator  .plate  which  is  directly  behind  the  valve  body 


JOB  SHEET  #2 

6    Remove  the  two  bolts  that  attach  the  low  shift  oil  transfer  plate  (Figure 

7)  '  '  ' 


7.   Remove  the  oil  transfer  plate  and  two  governor  tubes  as  an  assembly 


8.  Remove  and  discard  the  filter  screen  from  a  tube  bore  in  the  control 
valve  ass^mbfy 

9.  Secure  th'e  range  selector  valve  to  a  pad  on  the  control  valve  body  with 
a  rubber  band  (Figure 8) 

10.  Remove -the  bolt  that  attaches  the  detent  spring  and  roller  assembly 

11.  Remove  the  detent  spring  and  roller  assembly  (Figure  7) 

12:   Loosen  two  bolts  at  the  top  of  the  control  valve  body  to  act  as  support 
bolts  -  \^^^/ 

13.  Remove  the  remaining  bolts*  that  attach  the  control  valve  body  to 
•the transmission  housing  (  ' 

14.  Hold  the  control  valve  body  assembly  'firmly. and  remove  the  two 
%    remaining  bolts  (Figure  8)  , 

(CAUTION:  Perform  this  part  of  the  procedure  with  extra  care  to 
prevent  loss  of  the  governor  check  ball.)  - 


320 


JOB  SHFF  r  #2 


15.  Remove  the  control  valve  in  a  downward 'and  outward  movement  to 
clear  the  actuator  pin  from  the  housing  bore  (Figure  d)  ^ 

16.  Remove  the  check  ball  (Figure  8) 

17.  Place  low  shift  valve  and  control  valve  body  assemblies  in  a  safe,  plean 
place  for  inspection  ■ 

(NOTE:  On  Alison  models  MT  640  and  643,  this  procedure  requires 
rejmoval  of  th&  tube  adaptei  assembly,  check  with  your  instructor 
for  special  directions.)  .  .  . 

FIGURE  8  ' 


M.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


NSTRUCTOR  CHECK:  Procedurop~jsafelyj      | Initials 


N.    Remove  the  oil  pump  ancj  fo'rward  clutch  with  the  following  procedure: 

,  1.   Remove  .the  twelve  bolts  and  twelve  rubber-covered  washers  that 
retain  the  oil  pump  and  front  support  assembly 

2.   Install  front  lifter  support  assembly  J  24473  onto  the  converter  ground 
sleeve  (Figure  9) 
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3.  Check  to  make  sure  the  lifter  assembly  is  secure  before  removing 
the  support  assembly 

4.  Attach  a  hoist  Jto  the  lifter  assembly  and  carefully  remove  the  oil 
pump  and  front  support  assembly  (Figuj-e  9)  ; 


FIGURE  9 
> 


OIL  PUMP  AND 

FRQNT 
SUPPORT ASSYS 


HOIST 


GASKFF 


 J-24473, 

CONVERTER  GROUND  SLEEVE 

TRANSMISSION 
HOUSING 


SEALRING 


5.  Remove  the  support  gasket  • 

6.  Remove  the  bearing  and  one  race  at  the  rear  of  the  support  assembly; 
leave  the"  other  race  on  the  support  hub 

,  (CAUTION:  The  pump  and  front  support  assembly  is  fitted  to  the 
'  transmission  housing  with  very  .little  clearance;  if  the  housing  is  cold,  it 
may  bind;  if  so,  heat  the  housing  slightly'with  a  cuif  ent  of  warm  air  or 
a  sun  lamp,  not  a  torch,  then,  if  the  pump  and  support  assembly  starts 
(   upwards  and  binds,  tap  it  downward  and  lift  again.) 
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7<  Remove  the  forward  clutch  by  grasping  the  turbine  sh^ft  and  lifting  the 
forward  clutch  and  attached  PIQ  gear  and  fourth  dutch -hub  from  the 
transmission  housing  {Figure  10)' 


FIGURE  10 


FORWARD  pLUTCH 


8.   Remove  the  Rearing  and  two  races  at  the  rear  ofth£ilqtc:h 


0.'   Stbp  at  this  point  and  have  your  ihrtrtictqrchQ^k  and  initial  your  procedure 
and  safe  practice        .         v  .f ' '    ■  '  * .  *  1 
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P.     Remove  the  fourth  and  third  clutches  and  center  support  with  the  following 
procedure: 

1r  Grasp  the  spring  retainer  of  the  fourth  clutch,  and  lift  the  fourth  clutch 
assembly  from  the  transmission  (Figure  11) 


FIGUPE°11 


2.  Remove  the  bearing  and  race  at  the  rear  of  the  clutch  assembly,  and 
leave  the  other  race  on  the  support  hut) 

3.  Remove  the  snapring  that  retains  the  third  clutch  ba'ck  plate  (Figure 
12) 
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4.  Remove  the  back-plate 

5.  Remove  the  six  plates  of  theHhird  clutch 

6.  Remove  the  center  support  anchor  bolt  and  washer  from  t\\e  bottom 
of  the  transmission  and  discard  the  bolt  (a  new  ||olt  will  be  used  for 

.  reassembly) 

\  * 

7.  Remove  the  snapring  that  retains  the  center  support  assembly  (Figure 

.13). 

FIGURE  13  — " 


Place  center  support  lifter  J-24455  into  the  recess  between  the^sealrings 
on  the  support  hub 

'  v 
(CAUTION:  The  center  support  is  fitted  to  the  transmission  case 
with  very  little  clearance,;  if  the  easels  cold  it  may  bind;  if  soy  heat  the 
case  slightly  with  a  current  of  warm  air  or  a  sun  lamp,  not  a  torch,  then, 
if  the  support  assembly  starts  upwards  and  binds,  tap  it  downward  aad 
\\h  again.) 
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,9.  Remove  the- center  support  assembly  from  the  transmission  (Figure 
14) 


FIGURE  14 


t 


Q.  /  Stop  at  this  point  gnd  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

.INSTRUCTOR  CHECK:  Procedure]     [safetyp    [l nitials|~~| 

R.    Remove  the  governor  and  the  gear  unit  with  the  following  procedure: 

1.  Remove  the  foujgbolts  that  retain  the  governor  cover 

2.  Remove  the  cover  and  gasket 
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3.   Remove  the  governor  assembly  carefully  (Figure  15} 


(NOTE:  If  the  speedometer  driven  gear  has  not  been  previously 
removed  from  the  transmission  rear  cover,  remove  it,) 


FIGURE  15 


p' 
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4.   Install  gear  unit  lifter  -J-24454  behind  the  splines  of  the  main  shaft 
(Figure  16) 


FIGURE  16 


.a 


5.  Attach  a  hoist  to  the  lifter  and  remove  the/gear  unit  from  the  transmis- 
.  '       sion  housing  1 

(NOT€:  Some  models"  may  require!  only  removal  of  the^gear  unit 
according  to  the  procedure  just  outlined,  but  when  a  governor  must  be 
removed,  the  governor  drive  gear,  speedometer  drive  gear,  and'sleeve 
•  *  spacer  may  remain  on  $fa output  shaft  or  in' the  transmission  housing; 
check  with  your  instructor  for  directions.) 

\ 

T.    Stop  a%  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


NSTRUCTOR  CHECK:  Procedure^     |safety[     [initialsj  | 
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U.    Rejove  the  second  and  first  clutches  with  the  following  procedurer^ 

•  T  - 

1.   Remove  the  second  clutch  by  remqving  the  snapring  that  positioned 
the  center  support 'assembly  (Figure  17) 


FIGURE  17 

v 
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2.   Remt>ve  the  six  plates  of  the  second  clutch  and  remove  the  back 
plate 
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k      .  :  1  \ 

3'  Remove  the  first  clutch  b'y  removing  the  rear  planetary  ring  gear 
and  hub  assembly  from  the  transmission  (Figure  18)  \. 

'V  (NOTE:  If  replacement  parts  ape  required,  it  may  be  rtecessary  to 
remove  the  snapri'ng  and  separate  .ring  gear  from  the  rina.gear  hub; 
check^with  your  i  nstructor.) 

FIGURE  18 


4.  Remove  the  snapring  that  retains  the  first  clutch  back  plate,  and 
remove  the  back  plate  (Figure  18)' 

■\ 

5.  Remove  the  1 2  plates  of  the  first  clutch 

6.  Remove  the  thrust  washer  . 

Stop  at  this  point  and  have  your  instructor  check  and  initial  yoar  procedure 
and  safe  practice  >  / 

INSTRUCTOR  CHECK:  Procedure 


330. 
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W.  Remove  the  governor,  rear  cover,  and  low  clutch  components  with  the 
v     following  procedure: 

(NOTE:  Allison  MT  650  model  transmissions  with  serial  numbers  49996 
through  55402  may  include  a  spacer  between  the*output  flange  and  the 
output  shaft  rear  bearing,  and  should  be  installed  unless  the  output  shaft  is* 
being  replaced;  check  with  your  instructor, for  additional  directions.) 

>  * '  v 

1.   Remove  the  four. bolts  that  attach  the  governor  cover  to  tlffe  rear 
cover  (Figure  19) 

(NOTE:  Governor  cov^r  and  gasket  and  speedometer  drive  gear,  if. 
not  previously  removed  should  be  removed  according  to  directions 
in  step  R.)  ' 

FIGURE  19 


OUTPUT  FIANGE  RETAINING  NUT 

,RE^RC6VfR  '*  \ 

governoCjc^ver' 
governor,  cover 

GASKET  ;#; 111 
BOLT,  5/lM8kll6W) 


S  \ 

2.  R-emove  the  rear  cover  by  attaching  a  lifting  tpol  to  the  output  shaft 
(Figure  20) 

3.  *  Remove  1 4  bolts  and  washers  from  the  rear  cover 

r  , 

4.  Attach  the  hoist  to  the  lifting  tool 

5.  Lift  carefully  and  separate  the  rear  cover  assembly  from  the  adapter 
„  housing  (Figure  20) ,  ♦ 


3M 
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(NOTE:  On  later  Allison  models  which  have  a  roller  bearing  next 
to  the  governor  drive  getfr,  the  roller  bearing  outer  race  will  stay  in  the 
rear  cover;  on'earlier  MT  650  models,  remove  the  spacer*  speedometer 
.  drive  'gear,  and  governor  drive  gear  from  the  output  shaft;  on  later  MT 
650  and  all  MT  653  models,  remove  only  the  spacer  and  speedometer 
drive  gear.) 

8.   Remove  the  low  clutch  by  removing  the  planetary  gear  ring  (Figure 
22)  - 

FIGURE  22* 


9.  Remove  the  thrust  washer  fromthe  ring  gear  hub 

316 
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10.  Remove  the'low  planetary  carrier  assembly  (Figure  23) 

11.  Remove  the  thrust  washer  from  the  carrier^ Figure  23) 

12.  Remove  the  sun  gear,  thrust  washer,  and' the  eleven  low  clutch  plates 
(Figure  23)  % 


FIGURE  23 


13.   Remove  the  adapter  housing  and  attached  first-  clutch  piston  compon- 
ents (Figure  24) 


s 

14.  Remove  the  gasket  (Figure  24)  ~" 
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X.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


NSTRUCTOR  CHECK:  Procedure]      [safetyj     [initials]  | 


Y.    Remove  second  and  first  clutches  and  rear  cover  with  the  following  proced- 
ure on  models  64Q  and  643: 

1.  To  remove  the  second  clutch,  remove  the  snapring  that  positions 
the  center  support  assembly  ' 

2.  Remove  six  clutch  plates  and  the  clutch  back  plate 

(NOTE:  This  procedure  should  have  been  accomplished  in  step  U, 
but  is  repeated  to  emphasize  its  relationship  to- this  part  of  the  proced- 
ure.) 

3.  To.  remove  the  -first  clutch,  remove  the  snapring  that  refains  the  first 
>c|^tch  back  plate 

*     '  * 

4.  Remove  ten  clutch  plates,  ring  gear,  and  back  plate  as  an  assembly 
(Figure  25)         *  • 


FIGURE  25 


5.  To  remove  the  rear  cover,  invert  the  transmission 

6.  Remove  the  speedometer  driven  gear  if  if  has  not  already  been  removed 
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7.  Remove  the  fourteen  bolts  and  washers  that  retain  the  rear  cover 
to  the  transmission  housing 

8.  Carefully  remove  the  rear  cover  assembly  and  attached  parts  (Figure 
26)  •  , 

9.  Remove  the  rear  cover  gasket  (Figure  26) 
FIGURE  26 


TRANSMISSION 

HOUSING  gggFg 


Z.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure|      |safety|    ^"[initials]    *  | 


ERIC 
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AUTOMATIC  TRANSMISSIONS 
■     •  UNITV  t  ' 

JOB  SHEET  #3-CHECK  END  PLAY  ON  A  TORQUE  CONVERTER  ASSEMBLY 

I.      Tools  and  materials  ■ 

A.  Basic  shop  tools  ' 

B.  Clean  shop  towels  *  * 

C.  Cleaning  solvent  in  a  clean  container 

D.  Converter  end  play  gauge 

E.  Dial  indicator 

R    Appropriate  service  manual 
IL  Procedure 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ®  General  Motors'  Corporation,  and  are 
-  reprinted  with  permission;  this  procedure  may  be  modified  b\  your  instructor 
to  facilitate  available  equipment,) 

A:  x  Support  the  converter  assembly  on  the  converter  cover  with  pump  hub 
upward      i  *  *  \ 

B     Place  converter  end  play  gauge  J-24470  into  the  converter  pump  hub'(Figure 

D  •  , 

FIGURE  1 


TORQUE  CONVERTER 
ASSEMBLY 
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f 


C.     Hold,  the  center  screw  of  the  gauge  and  tighten  the  nut  until  the  gauge 
is  securely  retained,  but  do  not  overtighten        .  , 


D.    InstaH  the  dial  indicator  as  shown  in  Figure  2 


FIGURE  2 


t 


DIAL  INDICATOR 
J-24470  . 


TORQUE  CONVERTER 
ASSEMBLY 


E.    Adjust  the  indicator  bracket  so  the  stem  of  the  indicator  is  in  firm  contact 
with  the  top  of  the  center  screw 

R    Set  the  d  ial  to  read  zero 

G.    Use  both  hands  as  shown  in  Figure  2  to  lift  the  center  screw  as  far  as  possible  H 

K    Record  dial  indicator  reading  and  determine  Tesults  according  to  the  follow- 
ing general  rules: 

L   End  play  exceeding  0.025  inch  indicates  N^ear  of  converter  components, 
-and  requires  replacement  of  worn  components  and  the  selection  of  a 
new  spacer 

.2.   If  end  play  does  not  exceed  0.025  inch,  the  converter  may  be  disasserrv 
•  bled  for  inspection  and  cleaning,  and  reassembled  with  the  same  spacer 
except  When  major  parts  must  be  replaced 

(NOTE:  After  disassembly  of  the  torque  converter  assembly,  efid 
play  should  be  checked  again  at  the* time  of  reassembly;the  procedure 
is  the  same  as  outlined  above;  but  slightly  different  rules  apply,  and 
they  are  explained  in  the  following  steps.) 

U    Record  ^Hal  indicator  reading  and  compare  it  with  Dimension  B  in  the 
SPACER  CHART  that  follows 
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J,  Select  the  proper  size  spacer  from  the  chart  (Figure  3) 
FIGURE  3 

Dimension  B  * 


SPACER  CHART 

Use  Part  No.    .  Color 


Less  than  0,01 77 

0.0177-0.034 

0.034:0.049 

0.049-0.062 

0.062-0.079 

0.079-0.093 


Use  no  spacer 

6837429 

6837430 

6837431 

6837432 

"6837433 


Gold 
Silver 
*piain 
Black 
Copper 


(NOTE:  Thevpart  numbers  and  , color  codes  listed  above  are  from  Detroit 
Die&V  AUTsoTf  "specifications;  spacer  part  numbers  and  color  codes  will 
obviously  vary  with  the  manufacturer;  checking  end  play  first  and  correcting 
problems  will  save  time  at  later  stages  in  the  reassembly  of  automatic  trans- 
mission component^)  *  ^ 

K,  ,  Stop  at  this  pofnt  and  have  your  instructor  check  and  initial  yoift  procedure 


and  safe  practice 

INSTRUCTOR"CH£CK:  Procedure[     |safety|     [initials]  ■  | 
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JOB  SHEET  #4--OISASSEMBLB^CLEAN,  AND~INSP£C1 — ~ 
A  TORQUE  CONVERTER  ASSEMBLY  * 


I.      Tools  and  materials 

»  r  * 

A.  Basic  hand  tools 

B.  Clean  shop  towels 

C.  Cleaning  solvent  in  a  clean  container  t 

4  v 

\  » 

D.  Compressed  air  supply  for.drying  parts 

E.  '    Wood  surface  work  area  . 

F.  Oil  can  and  lubricating  oil  *  "  "  *  . 
.  G..    Bearing  Fhfsta Her 

H.  Appropriate  service  manual 
■  »  * 

I.  Safety  gfasses     ^  - 

v  II.      Procedure:  * 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
t     published  by -Detroit  Diesel  Allison,  ©  General  Motors  Corporation,  and  are 
reprinted  with  p^cmission;  your  instructor  may  modify  the  procedure  to  facilitate 
available  equipment.)  *  '  * 

» 

A.    Remove  six  retainers  3  and  six  spacers  4  from  the  converter  assembly  cover  6 

'B.    Remova.twenty-four  nuts  5  from  cover  6 

(NOTE:  Refer  to  the  parts  list  and  exploded  view,  that  accompany  this 
job  sheej  for  parts' identification,  and.  retain  the  parts  list  and  exploded  view 
for  use  with  Job  Sheet.#6.) 
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C.    Remove,  as  a  unit,  the  \converter  cover,  .lockup  clutch,  piston,  qnd  related 


D.    Place  cover  assembly  on  the  work  table  with  the  lockup  cltttch  piston  up 

*< 

E:  *  flemove  bearing  race  1 6 

*  F.    Compress  the  ceater  of  piston  10  and  remove  snapring 15 

•G.'  Turn  cover  assembly  dver,  piston  down,  and  bump  the  cover  sharply  on 
a  wood  surface  to  remove  the  piston 

H.  Remove  sealring  retainer  8  and  sealring  9  from  cover 

I.  Remove  sealring  1 1  from  piston  10  ' 

J.  Inspect  bushing  7  for^scores,  burrs,  roundness,  sharp  edges,  and  evidence  of 
\  overheating 

K.   "Remove  bushing  scores  with  crocus  cloth 

\ 

L.    Remove  burrs  or  sharp  edges  on  bushing  with  a  scraper  or  knife  blade 

M.    Inspect  bushing  7  for  being  outof-round,  deeply  scored,  or  excessively 
worn ;t if  any  of  these  conditions  exist,  replace  it  with  a  proper  size  replace- 
1  ment  * 

(CAUT*ION:  Whenever  it  is  necessary  to  cut  out  a  defective  bushing,  use 
care  not  to  damage/the  bore  into  which  the  bushing  fits.) 

N.    Remove  lockup  clutch  plate  12 
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0.    Remove  lockup  clutch  back  plate  1 4  from  torque  converter  pump  33 
P.    'Remove  sealring  13  from  plate  14 

Q.    Remove  roller  bearing  assembly  17,  bearing  race  18,  and  spacer  19,  from- 
the  hub  of  turbine 

R.    Remove  the  converter  turbine  assembly  (Figure  2) 


FIGURE  2 


SEALRING 


'  CONVERTER 
STATOR 
ASSEMBLY 
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9 

ERIC 


32o 


JOB  SHEET  #4 


S.     Grasp  the  stator  and  the  roller  race  as  shown  in  Figgre  3  and  remove  as 
a  unit 


FIGURE  3 


T.  Position  stator  assembly-  21  on  the  work  table  so  that  the  freewheel  roller 
race  23  is  upward  *  ' 

U.  Remove  the  roller  race  by  rotating  it  clockwise  while  lifting  it  out  of  the 
converter  stator  * 

V.    Remove  the  ten  rollers  25  and  ten  springs  24  from  stator  21 

W.    Check  needle  bearing  assembly  22 

X.  ty/ash  and  (lush  the  needle  bearing  assembly  thoroughly  with  dry  cleaning 
solvent  or  mineral  spirits 

Y,    Dry  the  needle  bearing  and  lubricate  with  transmission  oil 

Z.  Replace  the  freewheel  race  only  and  rotate  the  bearing  while  pressing  upon 
the  freewheel  race;  if  there  is  no  roughness  or  binding,  the  needle  bearing 
assembly  may  be  left  in  the  stator  and  cam  assembly  and  reused 

(NOYE:  Do  not  mistake  dirt  or  grit  for  a  damaged  needle  bearing.) 

t 

AA.Reclean*and  re-oil  the  needle  bearing  if  dirt  is  suspected  r  0 

BB.  Check  the  needle  bearing  end  of  freewheel  race  for  smooth  finish 

CC.  Replace  theJreewheel  race  if  the  bearing  ehd  is  scratched  oc  contains  chatter 
marks  * 

-  326 
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DD.  Replace  needle  Bearing  assembly  22,  if  "required,  with  the  following  proced- 
ure:      i  <  .  '    "~  — 

(CAUTION:  Do  not  scratch  or  nick  any  stator  bores;  do  not  attempt  to 

disassemble  the  stator  and  cam  assembly.) 

<  *  • 

•  1/  Remove  needle  bearincj  careful.ly  to  avoid  nicking  the  aluminum  bore 
'  in  which  It  is  held      ,  '    *     ;  ,  ~ 

2.   Place  a  riew  bearing  assembly,  thrust  race  first,  into  the  aluminim 
bore  of  \he  stator      •  * 

'3.   Install  the  thrust  bearing.by  using  bearing  installer  J-23549  (Figure  4) 


FIGURE  4 


STATOR 


\ 
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4.  Drive  the  bearing  assembly  into  the  stator  until  the  top  Qf  the  outer 
shell  is  0.025  to  0.035  inch  above  the  shoulder  in>^e  side  plate  (Figure 
5) 

(NOTE:  The  installing  tool  yvill  seat- on  the  stator  area  surrounding 
the  bearing  when  the  bearing-is  properly  installed.) 

(CAUTION:  Apply  the  load  only  to  the  outer  shell  of  the  bearing 
during  installation.) 

FIGURE  5  - 


STATOR 
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ENLARGED  VIEW 
SECTION  A-A 
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ENLARGED  VIEW 
OF  CROSS-SECTION 


5.  Remove  bearing  26  and  hearing  race  27  from  converter  pump  hub  30 

(NOTE:  This  step  applies  to  Allison  models  with  serial  numbers  prior  to 
49489;  models  with  later  serial  numbers  require  removal  of  the  needle 
Rearing,  bearing  race,  artel  roller  bearing  from  the  converter  pump  hub, 
(and  then  removal  of  a'sealring.)  *  (         "  . 

6.  Flatten  the  corners  of  lockstrips  29  or  39  and  remove  eight  bolts 
28  or  40  and  four  lockstrips  from  converter  pump  hub  30  or' 36 '       -  • 

•  ■  I 

7.  Remove  hub  30  or  36.and  gasket  31  from  pump  33  ' 

8.  Remove  sealring  35  from  hub  36 

9.  Glean  and  dry  parts  for  inspection  and  reassembly  . 
10.  Inspect  alLparts  for  damage  or  excessive  wear 

3.2: 
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Stop  at  this  point,  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]     [safety[    ~[l nitialsj  ^ 
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JOB  SHEET  #4--PARTS  LIST  FOR  TOR&UE 'CONVERTER 
AND  LOCKUP  CLUTCH 


1-  Flexible  disk  nut  3/8-24  (6)  * 

2 -  Torque  converter  assembly 
*  3 -Spacer  retainer  (6) 

4 -  Spacer  (6) 

5 -  Self-locking  nut,  5/16-24  (24) 

6 -  Converter  cover  assembly 

7 -  Bushing 

8-  Seairing  retainer 

9  -  Piston  inner  sealring 
10 -Lockup  clutch  piston 

1 1  -  Piston  outer  seal 

12  -  Lockup  clutch  plate 
^  13  -  Sealring 

14 -  Lockup  clutch  back  plate 

15-  Snapring 

16 -  Bearing  race 

1 7  -  Thrust  bearing  assembly 
18 -Bearing  race 
1 9  -  Thrust  bearing  spacer  (ar): 

.0177-.Q34  (gold) 

.D34-.D49  (Silver) 

.049-.062  (Plain) 

.062-.079  (Black) 

.079-.0933  (Copper) 


20  -  Converter  turbine 

21  -  Converter  stator  assembly 

22  -  Needle  bearing  assembly 

23  -  Freewheel  roller  race 

24  -  Freewheel  roller  spring  (10) 
25 -Freewheel  roller  (10) 

26  -  Needle  bearing  assembly 

27  -  Bearing  race  (before  S/N  49490) 

28 -  Bolt,  1/4-20x5/8  (8) 

29 -  Lock  strip  (4) 

30  -  Converter  pump  hub  (before  S/N  49*80) 

31  -  Gasket 
32 -Sealring 

.33  -'Converter  pump  assembly 
34- Bolt  5/16-24x  1.3  (24) 

35  -  Sealring  (after  S/N  49489)   

36 -Converter  pump  hub  (after  S/N<WWf 

37  -  Roller  Bearing  (after  S/N  49489) 

38  -  Bearing  race  (after  S/N  49489) 
39 -Lock  strip  (4) 

40  -Bolt,  1/4-20x5/8  (8) 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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•  ©1980  General  Motors  Corporation;  reprinted  with  permission  u 
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AUTOMATIC  TRANSMISSIONS 
,    UN1TV  ..  ' 

JOB  SHEET  #5-REBUILD  A  STATOR  ASSEMBLY. 

Tools  and  materials  * 

A.  Basic  hand  tools* 

B.  Clean  shop  towels 

C.  Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  for  drying  parts 

E.  4  Hydrai|lic  pVess  (minimum  5-ton  capacity) 

F.  Adjustable  table 

G.  Pressure  gauge  to  determine  rivet  staking  lo-ads        %  .a 

H.  3/8-inch  drill 

I.  Fixture  stand 

< 

J.  Rivet  remover  pin 

K.  100  foot-pound  torque  wrench 

L.  Base  plate  and  top  plate 

M.  Rubber  mallet 

N.  Stake  tool  1 

0.  5/8-1.1  x  3.25-inch  retaining  bolt 

P.  Appropriate  service  manual       -  ,  .  . 

,Q.  Safety  glasses 

Procedure  ' 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ®  .General  Motors  Corporation,  and  are 
reprinted  with  permission;  your  instructor  may  modify  the  procedure  to  facilitate 
available  equipment.)  , 

A.    Inspect  the  stator  assembly  to  fr\ake  certain  that  it  needs  rebuilding,  and 
rebuild  or  replace  according  tb  the  following: 

1.  If  stator  thrust  washer  28,  rivets  22; or  washer  23,  require  replacement, 
>     rebuild  the  assembly  * 

(NOTE:  Refer  to  the  parts  list  and  exploded  view  that  accompany 
this  job  sheet  for  parts  identification.)  * 
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2.  If  stator  26  or  cara  25  is  cracked  or  damaged,  replace  the  complete 
stator  assembly 

B.     Rebuild  the  stator  assembly  with  the  following  procedure: 

1 .  Place  the  stator  assembly  in  a  drill  press,  formed  pvet  side  up  (Figure  1) 


"  head 

\ 


•  3.  frace  base  plate  J-29521  1  under  the  stator  assembly,  making  sure 
the  holes  in  the  baseplate  are  under  the  rivet  heads  (Figure  2) 
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4.  Place  top-  plate  J-29521-2  on  top  of  the  stator  assembly  (Figure  2) 
FIGURE  2 


5.  Install  the  5/8-11  x  3.25-inch  bolt  to  hold  the^two  plates  together 

6.  Tighten  the  bolt  to  60  lb  ft  torque 

7.  Place  fixture  stand  J-25567-1  on  a  hydraulic  press  (Figure  2) 

8.  Install  rivet  remover  pin  J-29121-3  into  fixture  Jr25587-1  head 

9.  Tighten  the  tool  retainer  thugnb  screw  o 

10.  Place,  the  stator  assembly,  with  base  and  top  plates,  onto  the  fixture 
stand,  drilled  rivet  side  up 

11.  Align  the  rivent  remover  pin  with  the  drilled  rivet  and  press  the  rivet 
from  the  stator  assembly 

12.  Repeat  the  above  process  for  each  rivet 

13.  Remove  the  retaining  bolt  and  top  plate  (Figure  1) 

t4.  Separate  thrust  washer  28,  side  plate  washer  23,  two  cam  washers 
24,  and  cam  25  from  stator  26 

x  -*'•     ■  ,324       (■  .  )        :  ■ 

*  •  %,  *  •  * 

*.  -  < 
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15.  Inspect  the  stator  and  cam  for  cracks,  and  rivet  hojes  for  byrrs  or 
swelling 

16.  Remove  burrs  with  crocus  cloth  or  soft  hpning  stone 

(CAUTION:  If  cam  or  stator  is  cracked  or  distorted,  replace  the" com- 
plete stator  assembly.) 

17.  Clean  stator  assembly  components  ^ 

C.  Stop  at-this  point  and  have  your  instructorcheck  and  initial  your  procedure 
and  safe  practice  \  ^ 

INSTRUCTOR  CHECK:  Procedu re|     [safetyj     1 1 ni tials |  | 

D.  Reassemble  the  stator  assembly  with  the  following  procedure: 

1.  Assemble  cam  25  and  stator  26  with  the  .roller  pocket  positioned 
as  shown  in  Figure  3 

2.  Install  cam  washer  24,  one  on  each  side  of  the  stator 

3.  Instatl  freewheel  washer  18  and  thrust  washer  13 

FIGURE  3 


STATOR 


CAM 


DIRECTION  OF 
ROTATION 


ASSEMBLE  WITH 
CAM  POCKETS  IN 
POSITION  SHOWN 


ENLARGED  VIEW 
SECTION  hk 


ASSEMBLY  LOAD  TO  BE 
APPLIED  IN  THIS  A*£A 
ON  OUTER  SHELL  ONLY 


035  (0.19  mm) 
<K5  (0.64  mm) 


ENLARGED  VIEW 
OF  CROSS-SECTION 
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4.  Align  the  six  rivet  holes  and  insert  six  new  1/4  x  1.94-inch  rivets  irrto 
the  stator  assembly  from  the  rear  to  front  of  the  stator  (Figure  4) 

FIGURE  4  • 


5.  Place  the  stator  assembly  on  base  plate  J-2952V1  (Figure  4),  and 
be  sure  the  rivet  heads  rest  on  the  base  plate,  between  clearance  holes 

6/  Install  top  plate  J-29521-2  and  the  5/8  >1  x  3/25-inch  retaining  bolt 

7.  Strike  the  top  plate  with  a  rubber  mallet  to  seat  components 

8.  Tighten  retainer  bolt  to  60  lb  ft  torque 

9.  Place  the  stator  assembly  on  fixture  J-25587-1     .  . 

■  \* 

10.  Install  stake  tool  J-2912M  into  fixture  head  of  J-25587-1 

1 1.  Tighten  the  thumb  screw  finger  tight 

12.  Apply  approximately  8000  pound  load  to  swage  each  rivet  head  * 

(NOTE:  The  amount  of  force  to  apply  will  vary  depending  on  the 
condition  of  the  swaging  tool  and  the  press  equipment^being  used.) 
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13.  Swage  the  second  rivet  180  degrees  (3.15  rad)  from  the  first  *  * 

<*  ■* 

14.  Locate  the  third  rivet,  60  degrees  (1.05  rad)  from  the  second;  and 
swage  It  ,  t 

15.  Locate  the  fourth  rivet  180  degrees-(3.15  rad)„from  tfje  third,  etc.,  until 
all  rivets  are  swaged  £ 

16.  Remove  the  top  and  bottom  plate  retaining  bolt  from  stator  assembly 
.  21 '  ? 

1 7.  Remove  the  two  plates^ 

18.  Install  new  needle  bearing,  if  required,  according  to  procedure  previous- 
ly outlined 

1ft   Inspect  stator  assembly  to  make  sure  it  is  ready  for  replacement  into 
'  torque  converter  assembly 

fe.    Stop  at  this,  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  * 

INSTRUCTOR  CHECK:  Procedure]     [safety]"    | Initials]  | 
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JOB  SHEET  #5-PARTS  LIST  FOR  STATOR  ASSEMBLY  , 
~"  ■  i  ' 

1  .t  Flexible 'disk  nut,  3/8-24(6)    ®  44    -  Lock  strip  (4) 

2  -  Torque  converter  assembly  45    -  Bolt,  1/4-20  x  5/8  (8)  © 

3  -  Spacer  retainer  (6)  46  -  Sealrjng  (after  S/N  49489) 
'  4  -  Spacer  (6) 

5'-  Self- locking  nut,  5/16-24(24)  ®      .Torque  lb-ft  N«m 

6  -  Converter  cover  assembly 

8  -  Sealring  retainer  ®   S  ^ft*  iS~?l 

9  -  Pistort  inner  sealring  '  ©  -9^1 1  V  *  12-15 

10  -  Lockup  clutch  piston  / 

1 1  -  Piston  outer  seal  ' 
\2  -  Lockup  clutch  plate 

'3  -  Sealring 

14  -  Lockup  clutch  back  plate 

15  -  Snapring 

16  -  Bearing  race  ,  * 

17  -  Thrust  bearing  assembly 

18  -  Bearing  race  -  ^ 

19  -  Thrgst  bearing  spacer  Car): 

0.014-0.016  inch  (0.36-0.41  mm)  (Gold) 
0.029-0.031  inch  (0.74-0.79  mm)  (Silver) 
0.041-0.043  inch  (1.04-1.09  mm)  (Plain) 
0.fl£9-Q.Q61  inch  (1.50- 1.55  mm)  (Black) 
0.074-0.076  i nch  ( 1 .88M.93  mm)  (Copper) 

20  -  Converter  turbine  T 

21  -  Converter  stator  assembly  I 

22  -  Rivet  (6)    *  *  ^  ^ 

23  -  Side  plate  washer  .  ^ 

24  -f  Cam  washer  (2)  t.  « 

25  ~  Cam 

26  -  Stator 

27  -  Needle  bearing  assembly  *  , 

28  -  Thrust  washer  I 

29  -  Freewheel, roller  race 

30-  Freewheel  roller  spring  (10)  * 

31  -  Freewheel  roller  (10)  - 

32  -  Needle  bearing  assembly 

33  -  Bearing  race  (before  S/N  49490) 

34  -  §olt,  1/4-20  x  5/8  (8)  © 

}5  -  Cock  strip  (4) .  , 

36  -  Converter  pump  hub  (before  S/N  49490) 

37  -  Qasket 

38  -  Sealring  ^ 
39-  Converter  pump  assembly 

40  -  Bolt,  5/16-24  x  1.3  (24) 

41  -  Converter  pump  hub  (after  S/N  49489)  . 

42  -  Roller  bearing  (after  S/N  49489) 

43  -  Bearing  race  (after  S/N  49489) 

©1980  General  Motors  Corporation;  reprinted  with  permission 
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JOB  SHEET  #6--REASSEMB  LEA  TORQUE  CONVERTER  ASSEMBLY  v  * 

Tools  and  materials  ^ 

A.  Basic  hand  tools 

B.  Clean  shop  towels 

C.  Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  for  drying  parts 

E.  ;  .  New  converter  pump  gasket  V 

F.  Four  new  lockstrips  .  , 

G.  New  converter  pump  flange  bolts  as  required  - 

H.  Stator  roller  retainer 

I.  Bushing  installer 

J.     100  foot-pound  torque  wrench 

K.    Appropriate  service  manual  \ 

L.    Safety  glasses 

Procedure  . 

(NOTE:  The  following  procedure  ahdillustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ©General  Motors  'Corporation,  and  are 
reprinted  with  permission;  your  instructor  may  modify  i he  procedure  to  facilitate 
available  equipment)  -  * 

A.  Install  a  new,  dry  gasket  31  onto  converter  pump  33 

(NOTE:    Refer  to  Job  Sheet  #4  for  Parts  List  and  Exploded  View.) 

»~ 

B.  Install  hub  30  or  36  into  pump  33,  aligning  the  holes  in  the  hub  and  gasket  \ 
with  the  holes  in  the  pump, 

C.  Install  four  new  locj<s trips  29  or  39  and  eight  1/4-20  x  5/8  bolts  28  or  40 
through  hub  30  or  36  in  pump  33  ^  * 

,  D.    Tighten  the  bolts  to  9-1 1  lb  ft  torque 

E.  Bend  the  corners  of  the  lockstrips  agaijist>the  bolt  heads 

F.  Replace  any  converter  pump  flange -bolts  necessary  and  make  sure  any  ~ 
weights  are  in  their  original  positions  if  pump  bolts  have  been  removed' 
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G.    Install  seafcing  32  into  the  groove,  in  the  outer  circumference  of  converter 
pump  33 


(NOTE:  On  Allison  models  prior  to  serial  number  49489,  install  bearing 
rade  27  and  needle  bearing  26  into  converter  pumpshub  30;  after  serial 
number  49469,  install  roller  bearing  37,  bearing  race  38,  lugged  side  first, 
and  nefedle  baring  26  into  converter  pump  hub  36,  and  install  sealring'35 
ipto  the  groQve  of  hub  36.)  .  * 

H.    Place  the,  stator  and  can>  assembly  on  the  work  table,  bearing  side  down 
(Figure  1) 


FIGURE  1 


"SPRING  ROLLER-  ROLLER  RACE. 


^SrXtOR^ANDsf * 

tAM  assembly: 


BEARING) 
"ASSEMBLYi 


I.     Cover  the  bottoms  of  the  stator  cam  pocket?  wi^h  oil-soluble  grease 

v    J.  •    Install  stator  roller  retainer  J-24218-1  as  shown  in  Figure  1  so  the  cord  can 
later  be  used  to  remove  the  retainer 

K.    Install  ten  freewheel  rollers  and  ten  springs  in  the  shallow  ends  of  the  cam. 
pockets 
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L    Check  to  make'sure  the  open  end  of  the  spring  touching  the  rollers  toward 
•  the  center  of  the  'stator  cam  assembly  (Figure  2) 


FIGURE  2 


STATOR  CAM 


ROLLER 


SPRING 


M.  In§tall  the  freewheel  roller  race,  shoulder-side  first  (Figure  1),  until  the  race 
engages  the  rollers 

N.  Rotate  the,  race  in  a  clockwise  direction  while  pressing  downward  until 
the  race  touches  the  collapsible  retainer,  * 

0.    Lift  up  on  the  stator  assembly  and  pull  on  the  cord  t^  remove  the  retainer 

P.  Continue  rotating  the  race  while  pressing  downward,  and  when  the  race 
is  fully  seated,  rotate  it  firmly  in  the  opposite  direction  to  lock  the  stator 
and  cam  assembly 
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*****  • 

Q.  Grasp  the  stator  and  cam  assembly,  hold  the  roller  race  firmly  to  hold 
it  in  position,  and  install  the  stator  assembly  (refer  to  Job  Sheet  #4) 

R.     Install  the  converter  turbine  assembly  (refer  to  Job  Sheet  #4) 

S.  Install  the  same  spacer  19  that  was  removed  at  the  time  of  disassembly, 
only  if  the  end  play  reading  taken  before  disassembly  was  satisfactory, 
and  if  no  parts  affecting  end  play  are  being  replaced 

T.  Install  the  spacer  into  the  hub  of  converter  turbine  20^>rior  to  the  following 

~~  sfep  3 

IT  Install  bearing  race  18,  outer  lip  upward,  into  hub  of  turbine  20 

V.  Grease  and  install  bearing  17  onto  the  bearing  race 

W.  Install  sealring  13  onto  lockup  clutch  back  plate  14 

X.  Install  the  back  plate  onto  the  torque  converter  pump  and  align  the  balance 
mark  on  the  back  plate  with  the  balance  mark  on  the  converter  pump 

Y.    Install  lockup  clutch  plate  12  onto  plate  14 

(NOTE:  If  the  converter  cover  bushing  in  the  converter  hub  was  removed, 
use  installer  J-24648  to  install  a  new  bushing  as  shown  in  Figure  3;  after 
installation,  the  bushing  inside  diameter  should^be  0,990  to  1.0010  inch.) 


FIGURE  3 


J-24648, 
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Z.     Install  sealring  retainer  8,  smaller  end  first,  onto  converter  hub  6 

AA.  ilnsfall  sealring  9  into  retainer 

BB.  Install  sealring  11  onto  piston  10  - 

CC.  Install  the  lockup  dutch  piston  into  the  converter  cover  with  the  balance 
"marks  aligned  so  that  the  piston  guide*pins  will  enter  the  nearest  holes  in  the 
piston  (Figure  4)  .  * 

(CAUTION:  The  lockup  clutch  will  not  release  if  the  pistorris  not  engaged 
 with  the  pins.)  ,  


FIGURE  4 


(NOTE:  To  make  installation  of  the  lockup  piston  easier,  place  a  pencil 
mark  in  line  with  the  pin  nearest  the  orifice  in  the  piston,  when  the  balance 
marks  are  aligned  as  shown  in  Figure  4;  then,  when  the  piston  is  installed, 
use  tHfe  pencil  mark  as  a  guide  for  the  location  of  the  pin  beneath  the  orifice; 
one  recessed  hole  is  concentric  with  the  orifice;  rotate  the  piston  lightly,  if 
necessary,  during  installation  to  ensure  that  the  piston  engages  the  pins;, to 
—verify  that  the  piston-is-seatedy-mfeasure  the  distance  from  the  pump  cover 
*  mounting  surface  to  the  piston;  the  distance  should  be  approximately  1  1/2 
inches.) 

DO.  Using  hand  pressure  on  the  center  of  piston  10,  install  snapring  15 

EE.  Install^  bearing  race  16,  inner  lip  first,  into  the  hub  converter  cover  6,  and  use 
oil-soluble  grease  to  retain  it 

FF.  Install  as  a  unit,*  the  converter  cover,  lockup  clutch  piston,  and  related  parts 
(refer  to  Job  Sheet  #4)  * 

*  •  * 
,GG.  Align  the  balance  marks  on  the  cover  with  the  balance  majkson  the  lockup 
clutch  back  plate  and  the  converter  pump 
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HH.  Secure  the  converter  cover  with  twenty-four  nuts  5 
II*.    Tighten  the  nuts  evenly  to  19-23  lb  ft  torque 

JJ.    Install  a  spacer  4,  and  then  a  spacer  retainer  3  onto  each  of  the  six  drive 
studs' on  the  converter  cover      .•  ' 

(NOTE:  At  this  point" in  the  Iprocedure,  the  end  play  check  is  necessary 
if  spacer  19  was  not  installed, at  buildup;  however,  the  check  is  recom- 
.  mended  even  if  spacer  19S«as  installed  to  verify  that  proper  end  play 
remains  after  rebuild;  refer  to  Job  Sheet  #3  for  the  procedure  for  checking 
end  play,  repeat  the  procedure,  if  required,  at  this  point,  ancf  use  the  Spacer 
Chart  in  Job  Sheet  #3  to  select  the  right  spacer  by  number  and  color;  it  is 
not  necessary  to  disassemble  the  complete  converter  if  another  spacer  is 
required  at  this  time;  check  with  your  instructor  if  you  have  any  questions 
about  the  correct  procedure.)  , 

KK.  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe. practice 

INSTRUCTOR  CHECK-:  Procedurej^Jsafety|^Jinitials|  | 
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JOB  SHEET  #7--DISASSEMBLE,  CLEAN,  INSPECT,  AND 
REASSEMBLE  A  MODULATED  LOCKUP  VALVE  ASSEMBLY 


Tools  and  materials 

A.  Basic  hand  tools 

B.  Clean  shop  towels 

C.  Cleaning  solvent  in  a*clean  container 

D.  Compressed  air  supply  for  drying  parts 

E.  Appropriate  service  manual 

F.  Adjusting  ring  tool 

G.  Safety  glasses  * 
Procedure 

*■ 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Difcsel  Allison,  ©  General  Motors  Corporation,  and  .are 
reprinted  with  permission;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  available  equipment.) 

# 

A.    Disassemble  the  modulated  lockup  valve  assembly  with  the  following  proce- 
d  urer; 


'FIGURE  1 


•  CONTROL 
VALVE 
ASSEMBLY 


1 ,   Mark  adjusting  ring  7  to  indicate  its  position  irf  relation  to  pin  3  (Figure 

1)/ 

.  (NOTE:  Refer  to  the  parts  list  and  exploded  view  that  accompany 
this  job  sheet  for  parts  identification.) 
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2.  Depress  ring  7  with  valve  body  adjusting  ring  tool  J-2431 4  against 
spring  pressure,  and  remove  pin  3  * 

>  '    3.  Remove  adjusting  ring  7,  valve  stop  6,  spring  5,  arid  valve  4  from 
valve  body  2 

4.  Clean  and  dry  parts  for  inspection  and  reassembly^ 

5.  Inspect  adjusting  ring  for  nicks,  distortion,  and  excessive  wear;  replace 
*    if  required 

6.  Inspect  spring  for  signs  of  overheating,  permanent  set,  or  wear  due  to 
rubbing  adjacent  parts;  replace  if  required 

B.  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

'    INSTRUCTOR  CHECK:  Procedure^    |safety[^|lnitials[~|  / 

C.  Reassemble  the  modulated  lockup  valve  assembly  with  the  following  proce- 
dure: 

1.  Install  valve  4,  smaller  diameter  first,  into  valve  body  2 

2.  Install  springs 

3.  Install  valve  stop  6,  undrilled  end  first,  into  spring  5 

4.  Install  adjusting  ring  7,  flat  side  first,  over  valve  stop  Q,  and  align  the 
'  adjusting  ring  as  it  was  aligned  prior  to  disassembly 

5.  Depress  ring  7  against  spring  pressure,  and  install  pin  3  through  the 
-     holes  in  valve  body  2  and  valve  stop  6,  and  into  the  slot  of  adjusting 

ring  7  • 

6.  Inspect  adjustjng  ring  to  be  sure  it  is  aligned  with  the  .pin  as.it  was 
before  removal 


\ 


D.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  p/ocedure 
and  safe  practice  *       ,  • 


INSTRUCTOR  CHECK:  Procedure]     [saf ety[l    [l n itial 
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JOB  SHEET  #7-PARTS  LIST  AND  EXPLODED  VIEW  FOR 
MODULATED  LOCKUP  VALVE  ASSEMBLY 


1  -  Modulated  lockup  valve  body  assembly 

2 -  Modulated  lockup  valve  body 

3 -  Retainer  pin 

4 -  Modulated  lockup  valve 

5 -  Modulated  lockup  valve  spring 

6  -  Modulated'  lockup  valve  stop 

7  -  Adjusting^  ring 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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JOB  SHEET #8-DISASSEMBLE(  CLEAN,  INSPECT,  AND- 
*  REASSEMBLE  A  LOW  SHIFT  VALVE  ASSEMBLY 


Tools  and  materials 

A.  Basic  hand  tools 

B.  Cleap  shop  towels 

C.  Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  supply  for  drying  parts 

E.  Appropriate  service  manual 

F.  Safety  glasses 

*  •*  *  *  • 

Procedure 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ©  General  Motors*  Corporation,  and  are 
reprinted  with  permission;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  available  equipment.)  '        ,  " 

A.    Disassemble  the  tow  shift  valve  assembly  with  the  following  procedure: 

1.  Mark  the  locatron  of  adjusting  ring  14  in  relation  to  pin  6 

(NOTE:*  Refer  to  the  parts  list  and  exploded  view  that  accompany 
this  job  sheet  for  parts  identification.) 


Remove  retainer  pins  5  and  6  from  body  4  while  applying  pressure 
to  adjusting  ring  1 4  and  valve  stop  9 


3.  Remove  adjusting  ring  14,  washer  13,  valve  stop  12,  valve  spring  11, 
and  low  shift  singal  valve  10  from  body  4 

4.  Remove  valve  stop  9,  spring  8,  and  low  shift'relay  valve  7 

5.  Clean  and  dry  parts  for  inspection  and  reassembly 

6.  Inspect*  valves,  springs,,  and  bores.for  signs  of  overheating  or  wear; 
replace  as  needed 
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B.  lStop  at  this  point  and  have  your  instructor  check  and  initial  yojjrjpflcedure 
and  safe  practice  v.    ■  t 

INSTRUCTOR  CHECK;  Pr6cedure|      [safetyj     |lnitials|  | 

a     Reassemble  the  low  shift  valve  assembly  with  the  following  procedure; 

1.  Install  low  shift  relay  valve  7  into  the  longer  bore  of  valve  body  4 

2.  Install  spring  8  and  valve  stop  9  into  the  same  bore 

3.  Depress  stop  9  and  install  pin  5  into  body  4  \ 

,    4.  Install  low  shift  signal,  valve  10,  stem  end  first,  into  the  remaining  valve 
bore 

5.  Install  spring  1 1,  stop  12,  and  washer  13 

6.  Install  adjusting  ring  14,  flat  side  first  into  the  valve  bore 

*  *  *  .  .  ,  . 

7.  Align  the  bole  in  valve  stop  12  and  the  slot  in  ring  14  with  the  hcjle  in 
valve  body  4  ^ 

8.  Install  retainer  pin  6,  and  be  sure  adjusting  .ring  14  is  aligned  with  the 
*  pin  as  it  was  before  removal 

D.    Stop  af  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]     |safety|    »]  Initials]  | 
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JOB  SHEET  #8-PARTS  LIST  AND  EXPLODED  VIEW  FOR  LOW  SHIFT 
VALVE  BODY  ASSEMBLY 


1  -  Oil  transfer  plate 

2 -  Separator  plate 

3 -  Low  shift  valve  assembly 

4 -  Valve  body 

5 -  Retainer  pin 

6 -  Retainer  pin 

7-  1-2  shift  valve 

8 -  Shift  valve  spring 

9 -  Valve  stop 
10-2-1  inhibitor  valve 
11  -  Valve  spring 

12 -  Valve  stop 

13 -  Washer 

14 -  Adjusting  ring 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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AUTOMATIC  TRANSMISSIONS 
UNIT.V' 


JOB  SHEET  #9--DISASSEMBLE,  CLEAN,  INSPECT,  AND 
REASSEMBLE  A  CONTROL  VALVE  BODY  ASSEMBLY 


Tools  and  materials 

A.  Basic  hand  tools 

B.  Clean  shop  towels 

C.  Clean  solvent  in  a  clean  container 

D.  Compressed  air  supply  for  drying  parts 

E.  Appropriate  service  manual 

F.  100  foot-pound  torque  wrench 

G.  Oil-sotuble  grease 

H.  Rubber  band  or  soft  wire 

I.  Plastic  bag  or  wrap 

J.     Safety  glasses  ' 
Procedure  * 

(NOTE:  The  following  procedure  ancf  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ©  General  Motors  Corporation,  and  are 
reprinted  with  permission-;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  available  equipment.)   »  * 

A.    Disassemble  the  control  valve  body  assembly  with  the  foWowing  procedure: 

1,  Place  valve  assembly  1  on  a  work  table  with  modulator  valve  body 
47  upward 

"(NOTE;  Refer  to  the  parts  list  and  exploded  view  that  accompany 
this  job  sheet  for  parts  identification,)  1 

2.  Remove  three  bolts  40  from  the  modulator  body  and  remove  the 
modulator  body 

(NOTE:, The  valve  body  assembly  contains  a  number  of  springs  that 
can  be  mistakenly  interchanged;  since  the  calibration  of  the  valve 
body  fusions  will  be  lost  if  the  springs  are  not'reinstalled  in  the*  same 
locations  from  which  they  are  removed,  it  is  recommended  that  each* 
spring  be  tagged  as  it  is  removed  and  listed  according  to  its  identifying 
part  number  in  the  exploded  view;  notes  or  sketches  shbuld  be  made  of 
pins  and  adjusting  rings  too;"these  must  also  be  reinstalled  in  their 
original  positions  for  the  original  calibration  of  the  valve  body  to  be 
maintained.) 
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3.   Remove  retaining  pin  48  from  modulator  body  47  while  applying' 
pressure  to  adjusting  ring  41,  then  remove  the  adjusting  ring 


j  4.   Remove  valve  stop  42,  washer  43,  spring  44,  modulator  valve  45, 

.  ■  and  actuator  pin  46 

(NOTE:  On  Allison  models,  only  those  models  equipped  with  modu- 
lated lockup  use  separator  plate  39;  all  others  use  plate  38.) 

5.  Remove  separator  plate  38  or  3^  . 

(NOTE:  Later  MT  650,  653  models  include  a  slot  in  the  separator 
plate,  that  engages  the  flared  end  of  the  retaining  pin  33;  the  separator 
plate  must  be  slid  lengthwise  to  disengage  it  from  pin  33.) 

6.  Remove  priority  valve  4,  spring  3,  and  stop  2 

(NOTE:  On  later  model  MT  650,  653  models,  a  1/4-inch  ball  49  is 
used;  note  the  location  of  the  ball  in  the  valve  body  before  renrioval.)- 

7.  Place  control  body  50  on  a  work  table,  flat  side  down 

\ 

^  *  .(CAUTION:  Trimmer  valve  corner  71  is  spring  loaded*  and  must  be 

r  restrained  while  the  bolts  are  being  removed.) 

8.  Remove  eight  bolts  72  from  trimmer  valve  cover  71 

9.  Remove  trimmer  valve  cover  71,  and  valve  stops  55,  60,  65,  and  70 

10.  Remove  springs  53, 54,  58, 59,  63, 64, 68,  and  69 

(NOTE:  Springs  54,  59,  64,  and  69  are-used  on  Allison  models  with  ' 
serial  numbers  after  13800.) 

11.  Remove  trimmer  plugs  52,  57,62,  and  67 

12.  Remove  trimmer  valves51,  56, 61,  and  66 

(NOTE:  Valve  stop  76  and  spacer  79  are  spring  loaded  and  must  be 
restrained  while  pins  73  are  beirVg  removed.) 

1 3.  Remove  two  retainer  pins  7?  from  the  control  valve 

14.  Remove  valve  stop  76  and  spacer  79  *  •  ^  > 

15.  Remove  relay  valve  springs  75  and  78,  and  relay  valves  74  and  77 

.  -  (NOTE:  Adjusting  rings  9  and  washer  8  are  applicable  on  Alljson 

models  after  serial  number  66939;  record  location  of  the  adjusting 
ring  in  relation  to  retaining  pin°1 1  before  removal.) 

16.  Depress  adjusting  ring  9  or^acer  (earlier  models)  Q 
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X 

17.  Remove  pin  11,  ring  9  or  spacer,  washer  8  (if  used),  valve  stop  7, 
<v  spring  6,  and  valve  5 

18.  Remove  selector  valve  10  , 

19.  Compress  adjusting  rings  16,  2,  and  28;  and  remove  retainer  pins 
17,23,  and  29 

20.  Remove  the  adjusting  rings  S 

21.  Remove  valve  stops  15,"  21,  and  27 

22.  Remove  springs  1 4,  20,  and  26 

23.  Remove  modulator  valves  13, 19,  and  25 

24.  Remove  shift  valves^,  18,  and  24 

25.  Compress  relay  valve  stop  32  and  remove  retainer  pin  33 

26.  .Remove  valve  stop  32,  valve  spring  31,  and  relay  valve  30 

27.  -  Depress  trimmer  regulator  valve  stop  37  and  remove  retainer  pin  34 

28.  Remove  valve  stop  37,  spring  36,  and  valve  35 

29.  Clean  and  dry  parts  for  inspection  and  reassembly  — ^ 

30.  Inspect  valves,  springs,  and  bores  for  signs  of  overheating  *or  wear; 
replace  as  needed 

Stop  at'this  point  and  have  your  instructor  check  and  initial  your  procedure 
^>and  safe  practice 

INSTRUCTOR  CHECK:  Procedu re[     |saf ety|      1 1 nitials[     |  . 

>  .  if?  * 

0 

Reassemble  the  control  valve  body  assembly  with  the  following  procedure: 

1.  Install  valve  5  into  its  bore  in  valve  body  50 

(NOTE:  For  reassembly  you  should  refer  not  only  to  the  parts  list 
and  exploded  view  but  also  to  the  cross-section  view  that  accompanies 
this  job.  sheet;  also,  double  checl^the  position  of  all  components, 
configuration  of  valves  and  pfugs,  and  the  identification  of  all  sprincjs 
before  installation;  refer  to  the  spring  chart  from  the  manufacturers 
service  manual,  and  make  sure  that  all  valves,  when  dry,  move  freely,  by 
their  own  weight  in  the  bore.) 

2.  Install  spring  6,  valve  stop  7,  washer  8,  and  adjusting  ring  9  into  the 
same  bore 

(NOTE:  This' step  applies  to  late  models;  on  earlier  models,  jnstall 
spring  6,  valve  stop  7,  and  a  spacer  into  the  same  bore.) 
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3.  Depress  the  adjusting  ring  or  spacer  against  spring  pressu  remand,  install 
pin  1 1 

(NOTE;  The  location  of  pin  11  should  have  been  sketched  or  noted 
during  disassembly.) 

4.  Install  pin  11  through'hole  in  valve  stop  7;  on  earlier  models,  depress 
spacer  and  install  pin  1 1 

5.  Install  valve  12,  shorter  land  first,  into  valve  body-50  / 

(NOTE:  Remember  to  referto  the  cross-section  illustration  for  proper 
parts  replacement  reference.) 

6.  Into  the  same  bore,  install  valve  13,  smaller  end  first 

7.  Install  spring  14,  valve  stop  15,  and  adjusting  ring  16 

8.  Depress  ring  16  against  spring  pressure  and  install  pin  17  so  that  it 
passes  through  valve  stop  15  and  retains  ring  16 

9.  Install  valve  18,  smaller  end  first,  into  valve  body  50;  refer  to  cross- 
section  (bore  C) 

10.  Into  the  same  bore,  install  valve  19,  smaller  end  first 

11.  Install  spring  20,  valve  stop  21,  and  adjusting  ring  22 

12.  Depress  ring  22  against  spring  pressure  and  install  pin  23  so  that  it 
passes  through  valve  stop  21  and  retains  ring  22 

13.  Install  valve  24,  smaller  end  first,  ifito  valve  body  50;  refer  to  cross- 
section  (bore  D) 

14.  Into  the  same  bbre,  install  vaive  25,  smaller  end  first,  spring  26,  valve 
stop  27,  and  adjusting  ring  28 

15.  Depress  adjusting  ring  28  against  spring  pressure  and  install  pin. 29  so- 
that  it  passes  through  valve  stop  27  and  retains  ring  28 

16.  Install  valve  30  into  valve  body  50;  refer  to  cross-section  (bore  E) 

17.  Into  the  same  bore,  install  spring  31  and  valve  stop  32 

18.  Depress  valve  stop  32  against  spring  pressure  and  install  pin  33 

i 

19.  -Install  valve  35,  smaller  end  first,  into  valve  body  50 ;  refer  to  cross- 
section  (bore  F)  / 
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20.  Install  trimmer  valve  51,  open  end  first,  into  valve  body  50;  refer  to 
"cross-section  (bore  G) 

21.  Into  the  same  bore,  install  plug  52,  springs  53  and  54,  and  valve  stop  55 

22.  Install  trimmer  valve  56,  open  end  first,  into  valve  body  50;  refer  to 
cross-section  (bore  H) 

23!   I  nto  the  same  bore,  rnstaU  plug  57,  springs  58  and" 59,  and  valve  stop  60 

24.  Install  trimmer  valve  61>  open  end  first,  into  valve  body  50;  refer  to 
, u  cross-section  (bore  I)      ,  » 

25.  Into  the  same  bore,  install  plug  62/spjjrl^  63  and  64,  and  valve  stop  65  . 

26.  Install  trimmer  valve  66,  open  end  first,  into  valve  body  50;  refer  to 
cross-section  (bore  K) 

27.  Into  the  same*  bore,  install  plug  67,  springs,68  and  69,  and  valve  stop70 

28.  Install  cover  71  over  springs  53,  58,  63,  and  68 

2fl.   Porce  the  cover,  against  spring  pressure,  and  install  eight  1/4-20  x 
5/8-inch  bolts  72 

30.  Tighten^the  bolts  to  9-1 1  Jb  ft  torque 

31.  Install  vafve  74  into  valve  body  50;  refer  to  cross-section  (bore  L) 

32.  Into  the  same  bore,  install  sprir1g75  and  valve  stop  76 

33.  Depress  stop  76  against  spring  pressure,  and  Install  pin  73 

34.  Install  valve  77>:  larger  end  first,Tnto  valve  body  50;  refer  to  cross- 
-  section  (bore  M)  ^ 

35.  Into  the  same  bore,  install  spring  78  arid>spacers  79 

'  36.   Depress  spacer  agianst  spring  pressure,  and  install  pin  73 

37.  Install  actuator  rod  46,  smaller  end  first,  into, valve  body  47;  refer  to 
.  cross:section  (bore  N) 

38.  Install  valve  45,  longer  landrfirst,  ihto  the  same  bore 

39.  Install  spring  44,  washer  43,  valve  stop  42,  and  adjustirfg  ring  41 
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40.  Depress  adjusting  ring  41  against  spring  pressure,  and  install  pin  48  so 
that  it.passes  through  valve  stop  42  and  retains  ring  41 

41.  Replace  ball  49  in  its  original  position,  and/etain  the  ball  with  oil-  ■ 
soluble  grease;  refer  to  cross-seption,  sectioij  BB 

(NOTE:  On  some  models,  this  step  may  not  be  required*) 

0'' 

42.  Install  valve  stop  2,  spring  3pand  priority  valve  4,  open  end  first,  into 
valve  body  50;  refer  to  cross-section  (bore  0)* 

43.  Place  separator  plates  38  or  39  onto  body  40  so  the  bolt  holes  align 

(NOTE:  On  later  Allison  models  MT  650  and  653,  there  is  a  slot  in 
the  separator  plate  that  engages  the  flared  end  of  pin  33.) 

44;  Install  the  assembled  modulator  valve  onto  separator  plate  38  or 
39; and  aljgn'the  bolt  holes 
•         *  • 

45.  Install  three  J/4-20  x  1  3/4-inch  bolts  40  through  valve  body  47, 
plates  38  or  39,  and  into  valve  body  50 

46.  Make  sure  that  the  plate  and  valve  body  are  properly  aligned  so  that  all 
valve  body  mounting^olts  will  pass  through  them,  then  tighten  bolts  to 
9-11  lb  ft  torque 

47.  Install  selector  valve  10,  drilled  end  first,  into  valve  body  50;  refer  to  ^ 
cross-section  (bore  P) 

48.  Secure  the  valve  against  dropping  out  with  a  rubber  band,  cord,  or  soft 
wire  '**  4 

49.  Using  adjusting  tool  J-24314,  position  adjusting  rings  9,  16,  22,  28,  and 
41  as  they  were  before  the  valve  body  was  disassembled  _ 

-m  •  ^ 

Stop  at  this  points  arid  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


NSTRUCTOR  CHECK:  Procedure]      |safety|     {initials  j~  | 


E.  Cover  the  control  valve  body  assembly  with  a  plastic  bag  or  wrap  to  protect 
it  form  dust,  dirt,  and  moisture  if  it  is  not  going  to  be  immediately  reinstat- 
ed* 


-    3Z7    '  ' 
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I  -  Control  valve  assembly 

2 -  Valve  stop  pin 

3 -  Priority  vaive  spring  _ 

4 -  Priority  valve 

5 -  Hold  regulator  valve 

6-  Regulator-waive  spring 

7 -  Valve  stop  pin 

8 -  Washer 

9 -  Adjusting  ring  * 
10 -Selector  valve^ 

I I  -  Retainer  pin 

12-  2-3  shifr valve  (Mt 650,  653) 
1-2  shift  valve  (MT  640,  643) 

13 -  Shift  mgdulator  valve m 

14 -  Shift  valve  spring 

15 -  Valve  iftp 


16- Adjusting  rjng 
1 7  -fletainfr  pin*  * 


18-  3-4  shift  valve  (MT  650,  653) 
,2-3  shift  valve  (MT  640,  643) 

19-  Shift  modulator  valve 

20 -  Shift  valve  spring  x  " 
21  -  Valve  stop 

22 -Adjus^  ring 
23  -  Retainer  Pin 

24-  4-5  shifts  valve  (MT  650,  653) 
3-4  shift  valve  (MT  640,  643) 

25 -  Modulator  valve 

26 -  Valve  spring 

27 :  Valve  stop  ,       -    '  ■ 
28 -Adjusting  ring         ]  • 
29  ^Retainer  pin 

30-4-5  relay  valve  (MT  650,  653) 
3-4  rqlay  valve  (MT  £40,  643) 


31  -  Valve  spring 

32 -  Valve* stop  (later  models) 

33 -  Retainer  pin 

34 -  Retainer  pin 

35 -  Trimmer  regulator  valve  ' 

36 -  Trimmer  regulator  spring 

37 -  Trimmer  regulator  valve  stop 

38 -  Separator  plate 
(non-modulated  lockup) 

\39  -  Separator  plate 

(modulated  lockup) 
^0-Bolt,  1/4-20*x  1  3/4  (3) 
41  -  Adjusting  ring 
42 -Valve,  stop 
$3-  Washer 

44-  Valve  spring  •  ' 

45 -  Modulator  valve 

46 -  Modulator  valve  actuator  pin 

47 -  Modulator  valve  body 

48 -  Retainer  pin 

49 -  Check  ball  (after  S/N  47284, 

MT  650,  653  only) 
50  -  Control  valve  body  • 
^51  -Third  clutch  trimmer  valve 
52  trimmer  plug 

53 -  Valve  outer  spring 

54-  Valve  inner  spring 

(alterS/IM  13800) 
55 1  Valve  stop 

56 -  First  clutch  trimmer  valve 

57 -  Trimmer  plug  V' 

58 -  Valve  outer  spring 

59 -  Valve  inner  spring   -  \ 

(after  S/N  13800-MT  0^0 
653;  all  640, 643)  . 


'60 -Valve  stop 
-   '61  -  Second  clutch  trimmer  valve 
t&F    62 -Trimmer  plug 

63 -  Valve  outer  spring 

64 -  Valve  inner  spring 

(after  S/N  13800-MT  650, 
653;-all  640, 643) 
#  65 -Valve stop 
66  -  Fourth  clutdh  trimmer  valve 

67 -Trimmer  plug 
j  68  -Valve  outer  spring 

69 -  Valve  inner  spring 

(after  S/N  13800)  * 

70 -  Valve  stop 

71  -  Trimmer  valve  cover 

72 -  Bolt,  1/4-20x5/8  (8) 

73 -  Retainer  pin  (2) 

74  -  3-4  relay  valve  (MT  650,  653)  . 
2-3  relay  valve  (MT  640',  643)  * 

75 -  Valve  spring 

76 -  Valve  stop  (later  models) 

77-  2-3  relay  valve'(MT  650,  653)" 
_  J-2  relay  valve  {MT  640,  643) 

78 -  Valve  spring 

79 -  Spacer 

80  -  First  clutch  tube  (MT  640,  643) 

81  -Governor  hibe  (2) 

#82  -  Governor  screen  assembly 

83 -  Trimmer  tube  (MT  659,  653) 

84 -  Low  and  first  feed  tube 

(MT  65*0,  653) 

85-  Drive- 1  tube  (MT  650,  653}* 
86;  Forward  regulator  tube .  . 

(MT  650,  653) 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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AUTOMATIC  TRANSMISSIONS 
UNITV 


JOB  SHEET  #10-DISASSEMBLE,  CLEAN,  INSPECT,, AND  REASSEMBLE 
AN  OIL  PUMP  AND-FRONT  SUPPORT  ASSEMBLY 


Tools  and  mate/ials 

A.  Basic  shop  tools 

B.  Clean  shop  towels  .  _ 

C.  Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  supply  for  drying  parts 

E.  Valve  pin  remover 

F.  Slide  hammer 

G.  Lockup  spring  compressor  * 

H.  Bushing  installer  "* 

I.  Oil  seal  installer  and  driver  handle 
J.     Nonhardening  sealer 

K.    High-temperature  sealer 
L  Straightedge 

M.    Thickness  gauge  for  gear/oil  pUmp  clearance'  . 
N.    Centering  band 
0.    Bearing  installer  and  driver  handle 
P.     Valve  spring  compressor 
Q.    Valve  pin  installer 
R.    Oil-soluble  grease 
S.     Appropriate  service  manual 
•T.  -  Safety  glasses  , 
Procedure 

(NOTE:  The  Allowing  procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ®  General  Motors  Corporation,  and  are 
reprinted  with  permission;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  available  equipment.)  ^ 
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A.    Disassemble  the  oil  pump  and -front  support  assembly  with  the  following 
procedure:  *  * 

1.  Place  oil  pump  and  support  assembly  on -a  work  table,  support  side 
upward  r-^  ' 

2.  If  not  previously  removed,  remove  the  two  step-joint  sealrings,  the 
needle  bearing,  and  bearing  race  from  the  hub  of  the  front  support 
(Figure  1) 

3.  Remove  oil  pump  sealring  3  £ 

(NOTE:  Refer  to  the  parts  list  and' exploded  view  that  accompany 
this  job  sheet  for  parts  identification.) 

4.  Remove  the  needle  bearing  Aom  the  bore  of  the  converter  ground 
sleeve  only  if  replacement  is  necessary  (Figure  1 ) 

FIGURE  -1 


CONVERTER  GROUND  SLEEVE 


•da*  3/1*16  X  J  MK® 


CONVERTER  PRESSURE) 
\p  REGULATOR  VALVE 


HEDLE;t  EARING 


*  fSMAtN'fRESSURE 
'REGULATOR  VAIVE 


i^JOI^SEALRlNG 


NEEDLE  IEAIUNG 


•EAR  jNC.  RACE' 


FRONT'SUPfORT] 

Assagngg 

sealrIS^^ 
;oii  rump  Ai^ijC^ 


5.   If  parts  replacement  is  necessary,  install  valve,  pin  remover  J-244 12-2 
onto  the  head  of  the  converter  regulator  vatve  guide  pin 
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6.  Attach  slide  hammer  J-6125-1  to  the  valve^  pin  remover  tools  and 
remove  the  guide  pin,  valve  spring,  and  regulator  valve  (Figure  2) 

*  ■  , 

FIGURE  2 


J-24412*' 

Guide  wh- 


oil  pOmp'ano  mow 

SUPPORT  ASSEMBLY 


7.  Attach  the  main  regulator  and  lockup  spring  compressor  J-24459  to 
the  front  support  (Figure  3) 

8.  Tighten  the  compressor  screws,  removing^  all  force  from  the  retaining 
snaprings,  and  remove  both  snaprings  (Figure  3) 

(NOTE:  The  main  pressure  regulator  valve  spring  is  under  approxi- 
mately 65  pounds  compression.) 


FIGURE  3 


NWNRffiULATORVALVE 


LOCKUP  VALVt 


9.  Carefully  loosen  the  screws  on  the  spring  compressor  until  it  cpn  be' 
removed  from  the  front  support  ■ 

10.  Remove  valve  stops  11  and  18,  valve  springs  12  and  19,  regulator 
valve  1 3,  and  lockup  valve  20  ' 
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11.  Inspect  orifice  plug  in  main  regulator  valve  assembly  13;  if  it  is  loose, 
damaged,  or  distorted,  replace  regulator  valve  assembly  13 

(NOTE:  Current  Allison  models  do  not  include  an  orifice  plug.) 

12.  Remove  the  fourteen  bolts  that  hold  the  oil  pump  and  the  front  sup- 
)                   port  together  (Figure  1 ) 

13.  Separate  front  suppprt  assembly  23  from  oil  pump  body  and  gear 
*    f       .              assembly  4  ^ 

14.  Do' not  remoye  ground  sleeve  25  from  front  support  26;  if  relative 
movement  is  apparent,  replace  bearing  and  front  support  assembly 
23;  if  the  ground  sleeve  is  damaged,  replace  front  support  assembly  23 

15.  If  replacement  of  parts  is  necessary,  remove  plug  27  from  the  circum- 
ference of  support  26  ^ 

16.  Remove  oil  pump  gears  8  and  9  from  oil  pump  body  7 

17.  If  body  7  or  gear  8  or  9  are  damaged,  replace  oil  pump  assembly  4 

18.  Remove  oiUseal  2  from  oil  pump  body-7 

19.  Remove6ushing6,  if  damaged,  frorrrbody7 

(NOTE:  Allison  models  after  serial  number  49489  do  not  require 
Pushing  6,  models  prior  to  that  serial  number  do.) 

20.  Clean  and~dry  parts  for  inspection  and  reassembly 

21.  Inspect  all  parts  for  damage  or  excessive  wear 

B.  Stop  at  this  point  and  have  your  instructor  check  and  initial* your  procedure 
-     and  safe  practice  - 

INSTRUCTOR  CHECK:  Procedure]     jsafetyj     [initials]  | 

C.  Reassemble  the  oil  pump  and  front  support  assembly  with  the  followmg 
procedure:    ,     .  -  - 

1 .  Install  a  new  bushing  6  if  the  old  one  was  removed 

2.  Position  the  bushing  joint  (spitline)  so  that  it  is  within  a  10  to  12 
N  *     o'clock  position  when  viewed  from  the  front -of  the  oil  pump  body 

3.  Use.  installer  J-24474  to  install  the  bushing  to  proper, depth  which 
should  be  flush  with,  tq  0.010 'inch  below,  the  area  adjacent*  to  the 
installed  bearing 

m  4.  Jf  oil  seal  2  was  removed  from  oiTpump  body  7,  install  a  new  one 
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5.  Place  the  oil  pump  body  on  the  work  table,  flat  side  down 

6.  Seat  the  oil  seal  on  installer  J-24449  or  J  26912,  with  the  spring  loaded 
.  lip  facing  away  from  the  toot 

7.  Attach  .driver  handle  j-242024  to  the  oil  seal  installer 

'8.  Coat  the  outside  diameter  of  the  oil  seal  with  nonhardening  sealant 
9.  Drjve  the  seal  into  the  pump  housing  as  shown  in  Figure  4 
FIGURE  4 


J-24449  (PRIOR  TO  S/N  49490) 
J-26912  (AFTER  S/N  49489) 

PUMP  BODY 


10.  Remove  the  seal  installer  end  apply  a  high  temperature  seaLUjbricant  to 
the  inside  diameter  of  the  oil  seal  \  s~\ 

(NOTE:  If  the  above  oil  seal  installer  !s  not  available,  install  the  seaf, 
spring  loaded  lip  first,  into  the  seal  bore  of  the  oil  pump  ancj  press  the  ' 
seal  to  0.010  -  0.020  inch  below  the  front  surface  of  the  pump  body; 
on  Allison  models  after  serial  number  49489,  press  the  seal  to  0.050  y. 
0.070  inch  below  the  front  surface  of  the  pump  body.)  ' 

11.  Position  oil  pump  body  7,  flat  side  up 

12.  Install  drive  gear  9  and  driven  gear  8  into  the  oil  pump  body 

3'Jj 
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13.  Place  a  straightedge  across  the  surface  of  the  oil  pump  as  shown  in 
Figure  5 

FIGURE  5 


14.*  Insert  a  thickness  gauge  between  the  straightedge  and  the  driven  gear/ 
then  repeat  the  procedure  for  the  drive  gear  (Figure  6)  " ' 

FIGURE  6  *  - 


LDRlVf GEAR 


15.  Check  clearance;  if  it- exceeds  0.0024  inch,  the  gears  and/or  pump 
body  are  worn  * 

16.  Check-  to  see  if  new  gears  will  reduce  the  clearance  to  0.0024  inch  or 
less;  ifrpot,  oil  pump  assembly  4  should  be  replaced 

♦  , 

(NOTE:  If  teveral  gears  are  available  for  trial  selection,  use  those  that 
give  the  lesser  clearance  but  not  less  than  0.0005  for  drive  gear  9,  or 
0.001  for  drive  gear  8yjse  clearance  gauge  J-26957  for  measurements 
. ,  when  selecti  ng  gea rs.) 
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1 7.  If  plug  27  was  removed  from  support  26,  replace  it 

18.  Press  the  plug  to  th£  shoulder  in  the  support  (Figure  7). 


FIGURE  7 


•  PtUG   \  i 
PRESS  TO  SHOULDER 

SUPPORT  ASSEMBLY 


BEARING  CAGE  MUST 
WITHSTANO  TH£ 
^     ,  SPEC*IFIEOLQAOtN 
200  lbs       THE  DIRECTION 
tS90N)  IN0ICATE0 


19.  Place  oil  pump  body  and  gear  assembly  4  on  work  table,  front -side 
down 

20.  Align  the  bolt  holes  in  front  support  assembly  23  with  those  rn  assem- 
,  bly  4 

I  . 

21.  Install  two  5/16-18  x  1  3/4-inch  bolts  approximately  180 -degrees 
apart  ^ 

22.  Tighten  the  bolts  one  of  two  threads 

23.  Install  centering  band  J-24461  around  the  oil  pjump'body  and  front 
.    ..support  assembly  (Figure  8)*  ,         .  /- 


3. » ~-< 


n 
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24.   Install  the  remaining  ten  5/16-18  x  1  3/4-inch  bolts,  and  two  3/8-16  x  1 
1/2-inch  bolts  (Figure  8) 


FIGURE  8 


SUPPORT  ASSEttHY\ 


,  OIL  PUMP  ASSEMBLY 


25.  Check  the  centering  band  to  insure  a  secure  fit 

(NOTE:  It  is  imperative  the  split  line, between  the  pump,  and  the 
support  be  perfectly  smooth  after  bolt  installation.)  fc  , 

26.  Tighten  the  twelve  5/16-18  bolts  to  17-20  lb  ft  torque,/md  tighten  the 
3/8-16  bolts  to  3643  lb  ft  torque  X 


27.  Place  needle  bearing  28  into  ground  sleeve  25,  with  the  numbered 
end  of  the  bearing  cage  facing  up 
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28.   Using  bearing  installer  J-24457  and  driver  haryHe  J-8092,  drive  the 
bearing  into  the  ground  sleeve  (Figure  9) 


FIGURE  9 


(NOTE:  If  the  preceding  tools  are  not  available,  install  the  bearing, 
numbered  end  of  bearing/cage  up,  into  the  ground  sleeve,  until  the 
bearing  is  1.240  o  1.260/inches  from  the  face  of  the  hub  as  shown  in 
Figure  7,  and  remember /hat  the  installed  bearing  must  withstand  a  200 
pound  load  in  the  direction  indicated  in  Figure  7  without  moving.) 
*  /  * 

29.  Install  main  regulato/ valve  13  and  lockup  valve  2*0,  longer  land  first, 
intb  their  proper  bores  in  support  23    s . . 

*        /  ^  x 

30.  Install  springs  12 /nd  19,  and  valve  stops  11  and  18  into  their  proper 
bores  < 

*31.  Install  main  regulator  and  Jockup,  valve  spring  compressor  J-24459 
. .  '  onto  the  support  as  shown  in  Figure  3 

/  /'  .  * 

32.  Place "snaprihgs  10  and  17  onto  the  .compressor  tool   screws  prior 
to  compressing  springs  1 2  and  19  . 

33.  Compreaf'springs\l2  and  19  and  install  snaprings  10  and  17 

34.  Reraoy£  the  spring  compressor      .  v  ^ 
*35,  H  valve  pin  14  was  removed,  replace  it  with  a  new  c>ne 
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36.  Using  valve  pin  install,er  J-24458,  place  valve  pin  14  into  the  installer 

37.  Place  sp/ing  15  and  valve  1 6  onto  valve  pin  14 

38.  Install  the  valve  pin  and  components  into  the  front  support  assembly 
\  ^  (Figure  10) 

FIGURE  10 


FRONT  SUPPORT  AND~ 
OIL  PUMP  ASSEMBLY 


39.  If  valve  pin  installer  J-24458  is  not  available,  install  the*guide  pin'and 
components  to  exten<TT3n6  to  1/20  inches  above  the  finished  surface 
(Figure  11)  '  ' 


FIGURE  11 


/       JOBSHE^T#10  . 

40.  Lubricate  sealring  3  with  an  ail-soluble  grease  and  install  it  into  the 
groov^on  the  outer  circumference  of  the  oil  pump  body 

/ 

41 .  ""Inspect  the  sealring,to  be  sure  it  does  hot  twist  in  the  groove 

lit:      '  *  ' 

Stop  at>tfns.. point  and  have  your  instructor  check  and  initial  your  procedure 
id  safe  practice  ■  t 

JSTRUCTOR  CHECK:  Procedujg|C~~|safety|     [initialsj  j 


;">A  


- 1  •  r- 


V     JOB  SHEET  #10~PARTS  LIST  FOR  Ol  L  PUMP  AND 
FRONT  SUPPORT  ASSEMBLY 


*  1  -  Oil  pump  and  front  support  assembly 
2  -"Oil  seal  ,  c 

3-  Sealring 

4 -  Oil  pump  assembly 

5  -  Pump  body  and  bushing  assembly 
Before  S/N  49490 

•  6  *  bushing  •  Before-  S/N  49490 
7  •  Pump  body  ^  * 

8 -  Pump  driven  gear       °-  s  >  < 

9 -  Pump  drive  gear 
10-  Snapping 

1 1  -  Valve  stop 

12 -  Valve  spring 

13-  Main  pressure  regulator  valve. 
14:$alve  guide  .  I  • 

15-  Valve  spring  >  *    ,  ' 

16-  Converter  pressure  regulatot  valve 

17-  Snapring " 

1 8  -  Valve  stop 


19 -  Valve  spring 

20 -  Lockup  valve 

21  -  Self-locking  bolt,  3/8-16  /  M/2  (2) 

22  -  Self-ltcking  bolt,  5/1 6-1 8 ' x'  1  3/4  (12) 

23 -  Valve  and  front  support  assembly 

24-  Front  support  assembly 

25 -  Converter  ground  sleeve' 
23-  Front  support 

27  vPlug_ 

28fN$edl|  bearing  assembly 

29 -  Roller  bearing  as&mfily  , 

30-  Bearing  race 
31  -  Bearing 

,  32  -  Bearing  race 

33-  Sealnng  (2)  *  - 

34 -  Gasket 
*35-Washef  (12) 

36 -Bolt.  3/8-16  x  3-3/8  (12) 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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.  AUTOMATIC  TRANSMISSIONS  * 
UNIT  V  '  . 

JOB  SHEET  #11 -DISASSEMBLE/CLEAN,  INSPECT,  AND 
' REASSEMBLE  A  FORWARD  CLUTCH  AND  TURBINE  SJtfAFT 

Tools  and  materials  •  * 

A.  Basic  shop  tools 

B.  Clean  shop  towels  > 
Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  supply  for  cirying  parts 

E.  20  pieces  of  3/32  x  0.020  x  3  steel  shim  stock  .*> 

F.  Press 

G.  Compressor 

H.  Forward  clutch  clearance  gauge 

I.  Oil-soluble  grease 

J.     Appropriate  service  manual 
\  '  K.  *  Safety  glasses  ' 

II.  Procedure 

(NOTE:  The  following  prpcedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ©  General  JWotors  Corporation,  and  are 
/  reprinted  with  permission;  this  procedure  may  be  modified  by  your  .instructor 

to  facilitate  available-equipment.} 

A.    Disassemble  the  forward  clutch  and  turbine  shaft  with  the  foHowing  proce- 
'  dure: 

/}  1.  Remove  sealring  3  from  the  housing  and  shaft  assembly 

(NOTE:  Refer  to  the  parts  list  and  exploded  view  that  accompany 


f;  this  job  sheet  for  parts  identification.) 


t 


9 
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ftemove  the  PTO.  gear  by  compressing  the  snapring,  located  within 
the  gear,  and  sliding  the  gearfrom  the  housing 

-* 

(NQTE1  Figure  1  illustrates  a  model  that  dods  not  include  centrifugal 
valve  components  6  through  9;  the  procedures*  that  follow  in  steps  3 
through  8  apply  to  all  models;  however,  when  the  centrifugal  valve  is 
included,  the  assembly  must  be  positioned  shaft  downward.) 


FIGURE  1 


TURBINE 
SHAFT 


CLUTCH 
HOUSING 


SHIM  STOCK 


FOURTH-CLUTCH 
HUB 


3.  To  compress  the  snapring,  insert  10  pieces  of  steel  shim  stock,  3/32  x 
O.GfafO  x  3,  between  the  snapring  and  the  PTO  gear 

4.  To  accomplish  this,  locate  the  snapring  gap,  and  at  the  cutout  nearest 
'  the  gap,  press  the  snapring  into  th^  grgove  in  the  housing  1 

5.  Slip  a  piece  of  ship  stock  between  the  snapring  and  the  inner  ends 
of  the  splines  of  the  PTO  gear,  and  repeat  the  operation  at  the  other 
side  of  the  snapring  gap  s 

6.  Work  at  each  opening  where  there  is  a  missing  , spline  \ to  compress 
the  snapring,  and  insert  the  remaining  pieces  of  shim* stock  at  approxi- 
mately 3-ingh  increments 

7.  Slide  the  gearfrom  the  housing  and  remove  the  snapring 


J 
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8.  If  the  geardoes  not  slip  easily,  check  for  a  break  in  the  light  that  can  be 
seen  between  the  gear  and  housing,  and  work  to. depress  the  snapring  in 

_  that  area 

9.  Remove  the  snapring  that  retains  the  fourth  clutch  hub  in  the  forward' 
clutch  housing  (Figure  2) 


FIGURE  2 


SNAPRING 


FORWARD-CLUTCH 
HOUSING 


FOURTH-CLUTCH  HUB 


FORWARD-CLUTCH  HUB 


10.  Remove  the  fourth  clutch, hub  and  the  forward  .clutch  hub  from  the 
/  housing 

*  * 

11.  Remove  bearing  races  18,  and  20,  and  bearing  19;  these  bearing  com- 
ponents may  adhere  to  either  forward  clutch  hub  21  or  the  hub  of 
forward  clutch  housing  4  ' 

12.  Remove  five  internal-splined  plates  23  and, five  external-tanged  plates 
j         22  from  the  forward  clutch  housing  1 


.  b  . 
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13.  Place  the  housing  and  shaft  assembly  in  a  press  as  shown  in  Figure  3 


14.  Using  compressor  J-6438-01,  depress  the  spring  retainer  and  remove 
the  retainer  snapring 

15.  Remove  the  retainer,  piston  return  spring,  and  piston 

16.  Removfe  sealring  13  from  the  piston  and  sealring  12  from  housing 

17.  Remove  the  balls  5  from  housing  and  shaft  assembly  4,  only  if  replace- 
ment is  necessary;  if  necessary,  clear  the  bores  of  staked  metal -and 
remdve  the  balls  -  ^ 

18.  On  Allison  models  after  serial  number  49489,  remQve  pin  9,  plug  6, 
valve  spring  7,  and  v^lve  8  from  the  outer  circumference  of  forward 
clutch  housing  assembly  4 

19.  Clean  and  dry  parts  for  inspection  and  reassembly  ^ 

r 

20.  Inspect  splined  parts  for  stripped,  twisted,  chipped,  or  burred  splines 
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21 .  m  Inspect  snaprings  for  nicks,  distortion,  and  excessive  weae 

22.  Inspect  friction-faced  steel  plate  for-  burrs,  embedded  metal  particles/ 
severely  pitted  faces,  or  excessive  wear 

23?  Replace  parts  that  cannot  be  corrected  with  a  soft  honing  stone 

*  * 
Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  ,  J 

INSTRUCTOR  CHECK:  Procedure^   ,4|safety|      [initials}  | 

Reassemble  the  forward  clutch  and  turbine  shaft  with  the  following^ proce- 
dure: 
9 

1.  Inspect,  centrifugal  valve  parts  6,  7,  8;  and  9  for  damage  and  replace 
with  new  parts  if  needed  * 

(NOTE:  This*  step  ^applies  to  all  models  with  j&ntrif  ugal  pumps;  when 
replacement  parts  are  required,  be  sure  the  cafor  code  is  the  same  as  the 
part  replaced  because  all  three  parts,  6,  7/and  8,  must  be  identically 
coded.)  ;  . 

2.  Install  centrifugal  valve  $  conical  end  first,  into  its  bore  in  forward 
clutch  housjrig  4 

3.  Place  sm>ttg-7^nside  the  valve 
4^^>ffTp^s  the  spring  with  plug  6  and  retain  the  spring  and  plug  with  pin 

*  » 

5.  If  balls  5  were  removed,  replace  them 

6.  .PlSce  each  ball  in  its  bore,  and  stake  each  bore  at  three  equally  spaced 
•  places  •  •  \ 

"       * ».  * 

(NOTE:'Each  bore  is  properly  staked  when  the  ball  has  at  least  0.020- 
inch  axial  movement  and  when  the  ball  isretained  by  tte  stakes  when  a 
30  lb  load  is  appliedagainst  the  ball.) 


7.  Establish  clutch  clearance  before  completing  the  assembly,  wusing 
♦  either  the  direct  measurement  method  or  stack  dimension  computation- 

.  fNOTE:  The  method  for  direct  measurement  is  givea in  this  procedure; 
stack  dimension*computatjon  for  clutch  clearance  is  covered  in  .the 
setvice  manuaK)  *    /  .-.J 

8.  ^Position  the  clutch  housing  and  shaft  assembly,  shaft  downward; 

on  a  work  table 

£k  Lubricate  and'install  the  piston  sealrings  into  their  grooves  in  the 
Ijousing  hub  .and  pistol 
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10.   Make  sure  that  the  sealring  lips  face  toward  the  oil  pressure  side  of  the 
piston,  and  install  the  piston  into  the  housing  (Figure  4) 

(CAUTION:  If  either  sealring  is  installed  incorrectly,  the  forward 
clutch  will  not  operate  properly.)    ,  •  * 


FIGURE  4 


ERLC 


FOURTH-CLlTTCrt 
HUB 

tLUTCH 
PLATES  (10) 


PISTON 


30  LB  LOAD'  SEALRINGS 
(133  N) 


11.  -  Alternately  install  the  five  external-tanged  plate^rtcf  five  imernal- 

splined  plates  m  ^ 

12.  -  Install  the  fourth  clutch  driving  hub  anjH  retain  it  with'  the  snapring 

13.  Hold  the  fourth  clutch  driving  hub  firmly  against  the  snapring  and,, 
using  foA/vard  clutch  clearance  gauge  J-26913,  check  the  clearance 
between  the  fourth  clutch  driving  hub  and  the  internal-splined  clutch 
plate      .  *  %  ' 

14.  Check.  Clearance  for  forward  clutch  to  see  that  the  clearance  is 
'  0.079-0.130  inch 

(NOTE:  When  clearance"  is  achieved,  the  first  itep  of  gauge  J-26913 
will  fit  between  the^hub  and  plate,  but  the  second  step  of  the  gauge  will 

DOt.)  ? 
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15.  When  the  Second  stage  of  .the*gauge  will  fit,  clearance  is  excessive  and 
the  thinner  clutch'  plates  should  be  tepflaced  with  new  ones 

16.  If  the  clearance  is  still  excessive  after  all  ten  plates  and  fourth  clutch 
*  drive  hub  have  been  replaced,  a  thicker  piston  is  required 

17.  When  the  first  stage  of  the  gauge  will  not  fit;  clearance  is  insufficient 
and  a  thinner  piston  is  required. 

(NOTE;  Refer  to  manufacturer's  parts  Catalog  for  proper  piston  selec- 
tion.) * 

h  f 

18.  'Remove  the  snapring  that  retains  the  fourth  clutch  driving  hub,  and 

remove  the  hub  '  " 

1 9.  Remove  the  forward  clutch  plates. 

20.  Place  the  clutch  housing  and  shaft  assembly,  and  assembled  piston 
on  a  press  bed  as  shown  in  Figure  3    •  / 

21.  Install  the  piston  return  spring  and  spring' retainer,  and  position  the 
snapring  on  the  hub 

22.  CJsing  compressor  J-6438-01,  depress  the  spring  retainer  sufficiently  to 
install, the  snaprfhg  into  its  groove  in  thejiousing  hCib 


412 


J0BSHE£T#11 


23.   Return  the  subassembly  to  t\}e  work  table,,  and  install  the  bearing 
race,  outer  lip  first,  onto  the  hub  of  the  forward  clutch  Housing  (Figure 

5)  \    1  ^  1  ' 

«  (CAUTION:  The,  Use  of  oit-soluble  grease  to YQtain  bearing  races  18  and 
20,  and  bearing  assembly  ,19  is  very  important;  dislocation  or"  off- 
centering  of  either  race  of  the  bearing  Assembly,  before  the  forward 
clutch  assembly  is  installed  into  the  transmission  will  prevent  proper 
-/  installation,  and  extensive  damage  could. resuh  from  improper  assem- 
bly.) '  ^ 


FIGURE  5 
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v  BEARING 
RACE 


24.  Install  the^other  bearing  race,  flat  side  first,  onto  the  inner  hub  of  the' 4  l=r^ 
forward  clutch  hub  (Figure  5).  and  install  the*  bearing  onto  the  race  <f 

25.  Retain  the  bearing  with  oil-soluble  grease  ^ 

26.  Position  the  clutch  housing  and  .shaft,  shaft  dQwnyyard,  on  a  work 
table       .  */ 

27.  ^lace  the  forward  otutch  hub,  outer  splines  first,  cm  to  the  hub  of  the 
forward  clutch  housing  '  * 

.  *  -     •  v 

28.  Install  the  ten  clutch  plates,  starting  with  an  external-tanged  plate 


»         vi  , 
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29.   Install  the  fourth  clutch  driving  hub,  and  retain,  it  with  the  snap  ring 
(Figure 6)  -  \  '  -  7' 


FIGURE  6 ' 
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3Q.   Install  the  PTO  gear  snapring  onto  the  forward  .clutch  housing  ^ 

31.  Install  the  PTO  gear,  chamfered  inside  diameter  first,  from  the  rear  of 
the  clutch  housing 

32.  Slide1  the  gear  onto  the  housing  gntil  the  snapring  engages  its  mating 
,   groove  in.the  gear  s  «  r 

33.  Install  the%bearing  race,  flat  side  first,  and  bearing  onto  the  hub  of  lh£ 
forward  clutch  hub  (Figure  6)  0  c       .  / 

34.  Use  oil-soluble  gr&ase  to  retain  the^bearing  components  during  the  rest 
^  of  the  reassembly  procedure  *  • 


J 


A 


(• 
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'  3.5.   Invert  the  assembly  and  install  tw>o  seatrings  at  thebaseof  the  shafj:  and 
one  near  t^e  end  of  the  shaft  (Figure  7) 


r 


FIGURE  7 


'  BEARING 
RACE 


SEALRING  (2) 


SEALRING* 


FORWARD-CLUTCH 


D. 


36.  Retain  the  sealring*  with  oil-soluble  grease 

37.  Install  the  bearing  race,  .outer  lip  fir,st,  onto  the  hub  of  the  clutch 
housing  "        \  .       K  *  * 

-38.;  Retain  the  race  with  oil-sol.ubleqj^as^  ^  » 

.  Stop  at  this  poinTand  have  your  instructor  check  and/initialypur  procedure 
arid  safe  practice  %  * 

fc  INSTRUCTOR  CHECK:  Procedure  j^Jsaf  ety[~]l  n  ftialsj^] 
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JOB  SHEET  #1 1--PARTS  LIST  FOR  FORWARD  CLUTCH  AND 
TURBINE  SHAFT  ASSEMBLY 


2 -Forward* clutch  and  turbine  shaft 

assembly 
3  -  Sealring.  (2) 

4 ^Turbine  shaft  and  dutch  housing 

assembly 
.  5 -Check  ball  (2) 
6 -Valve  plug  - 
7.-  Valve  spripg 

8  -  Centrifugal  valve 

9  -  Retainer  pin  m 
10-Snapring  * 
■11  -PTO  drive' gear  ■  % 

■  12 -Housing  sealring 
1 3  -  Piston  sealring 
14 -Forward  clutch  piston  (ar): 

0.995—1.005  thk  (A)  v 

1.020 — 1.030  thk  (B) 

1.045— 1.0554hk  (C)  * 
15*  Forward  clutch  piston  spring 

16 -  Spring  retainer 

17-  Snapring  ■  v> 

18 -  Bearing  race 

19 -  Roller  bearing^  assembly 
20*  Bearing  race 

21  -  Forward' clutch  hub 
v    22  -  External-tanged  plate  (5) 
23-lnternal-splined  plate  (5) 
24  -  Fourth-clitfclT  driving  hub 
'         25 -Snapring 

26 -  Bearing  race 

27 -  Roller  bearing  assembly 
28  -  Bearing  race 


"QWW  General7  Motors  Corporation;  reprinted  with  permission 
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AUTOMATIC  TRANSMISSIONS  "'  ■ 
UNITV  ' 


JOB  SHEET  #12--DISASSEMBLE,  CLEAN/  INSPECT, 
AND  RE  ASSEMBLE. A  FOURTH  CLUTCH 


I.  Tools  and  materials  ' 

A.  Basic  shop  tools* 

B.  Clean  shop  towels 

C.  Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  supply  for  drying  parts  \ 

E.  Compressor  and  compressor  base  - . 

F.  Fourth  clutch  clearance  gauge  fc  .   ,  • 
G~  Oil-soluble/grease 

H.  Appropriate  service  manual* 

I.  Safety  glasses 

II.  -     Procedure  * 

(NOTE:  The  following  procedure-^and-illustrations  are  adapted  front  materials 
pubJjshed  Jby„ Detroit  Diesel  Allison,  ©  General  Motors  Corporation,  and  are 
~  reprinted  with  permission;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  availaBfe  equipment.)  -  "  " 

A.    Disassemble  the  fourth  clutch  with  the  following  procedure: 


\ 


T.  Remove  bearing,  race  28  fram  the  front  hub  of  fourth  clutch  housing 
12  if  it  has  not  been  previously  removed 

(NOTE:  Refer  to  the  parts  list  and  pxploded  view  that  accompany 
this  job  sheet  for  parts  iderttification.)  * 

2.   Remove  bearing  race  15  from  the  rear  hub  of  the  clutch  housing 


•3b  b' 


.    JOB  SHEET  #12  .  ■ 

3.  Using  compressor  J-6438-01  and  compressor  base  J-24204-2,  depress 
the  spring  retainer  sufficiently  to  allow  removal  of  the  snapring  (Figure 
1)  ■    s  * 

FIGURE  1  ,  ' 


SNAPRING 


4.  Remove  the  snapring 

5.  Remove  the  spring  retainer,  and  remove  the  clutch  return  spririg  which 
is  directly  beneath  the  retainer  *,  ; 

6.  Remove  the  snapring  that  retains  the  backing  plate,  and  remove  the 
back  pl^te  V 

7.  Remove  the  eight  clutfch  plates  4  and  5,  and  piston  9 

8.  Remove  sealring  10  from  the  piston,  and  sealring  11  f*>m  fourth 
clutch  housing  12 

\ 

9.  Remove  balls  13  from  fourth  clutch  housing  14  only  if  replacement 
is  necessary;  if  necessary,  clear  the  affected' bores  of  staked  metal  and 
remove  the  balls 

10.  Clean  and  dry  parts  for  irispection  and  reassembly 

11.  Inspect  snaprings,' springs,  bearing  races,  and  sealrings  for  damage  or 
excessive  Wear;  replace  as  rfeeded 
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B.    Stop  at. this  point  and  have  your  instructor  check  and  initial  your  procedure  ^ 
and  safe  practice 


NSTRUCTQR  CHECK:  Procedure]     jsafety|     ^Initials]     |  ^ 


C.     Reassemble  the  fourth  clutch  with  the  following  procedure: 
•  1.  ^Replace  balls  13  if  they  were  removed 

2.  Place  each  ball  in  its  bore  ■ 

3.  Stake  each  bore  at  three  equally  spaced  places 

\ 

(NOf  E;  Each  bore  is  properly  staked  when  the  ball  has  at  least  0.Q20 
inch  ^xial  movement  and  when  the  ball  is  retained  by  the  stakes  when  a 
30  lb  load  1s  applied  against  the  ball.)  « 

4.  'Establish  clutch  clearance  before  completing  the  assembly  by"  using. 

the  direct  measurement  method  or  stack  dimension  computation 

(NOTE:  The  method  for  directsmeasuremerit  is  given  in  this  procedure; 
stack  dimension  computation  f^clutch  clearance  is  covered  in  the 
"service  manual.)  T 

5.  Position  the  fourth  clutch  housing,  rear  hub  downward,  on  a  work 
table  •  . 

6.  .Lubricate^and  install  the  piston  sealrings  into  fheir  grooves  in  the 
housing  hub  and  piston*  ^  ■ 


v 


t 
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) 


7.  Make  sure  the  sealring  lips  face  toward  the  pil  pressure  side  of  the 
piston  (Figure  2)  f 

(CAUJION:  If  either  sealring  is  installed  incorrectly,  the  fourth  clutch 
will  notDperate  properly.) 


FIGURE  2 


CHECK  CLEARANCE  HERE 
0,064-0.125  (8  PLATES)  n 
FOURTH-CLUTCH     (1. 73-3,23  mm) 

HOUSING          0.068-0.127  (10  PLATES)     BACKING  PLATE 

V  (L 63-3. 18  mm) 

T 


PISTON 


SEALRINGS    ^>      PLATES  (8) 


30  LB  LOAD 
(133^) 


8,  Install  the  piston  into^the  fourth  clutch  housing  (Figure  2) 

9,  Alternately  install  the  four  external-tanged  plates  and  four  internal- 
splined  plates 

10.  Installable  backing  plate  and  retain  it  with  the  snapring  . 

11.  Using  fourth  clutch  clearance  gauge  J-26917,  check  th'e  clearance 
between  the  backing  plate  and  the  first  internal-spJined  plate 


12. 


(NOTE:  The  prescribed  clearance  for  .the  fourth  clutch  is  0.064-0.125 
inch;  when  this  clearance  is  achieved,  the  first -step  of  the  gauge  will  fit 
between  the  backing  plate  and  the  clutch  plate,  but  the  second  step  of 
the  gauge  will  not  fit.)  . 

When  the  second  step  of  the  gauge  fits,  clearance  is  excessive  and  the 
thinner  clutch  plates  should  bereplaced  with  new  ones 


ERIC 


'  13:   If  the  clearance  is  still  excessive  after  all  eight  plates  and  the  backing 
plate  have  been  replaced,  a  thicker  piston  is  required 
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*  k  * 

/ 

14.  When  the -first'  stage  of  the\gaug*e  will  not  fit,  clearance  is  insufficient 
and  a  thinner  piston  is  required 

(N(DTE:  Refer  to  manufacturer's  parts  catalog  for  proper  piston  selec- 
tion.) 

15.  Lubricate  and  install  the  piston  sealrings  into  their  grooves  in  the 
housing  hub  artd  piston 

16.  Make  sure  the  sealring  hps  face  toward  the 'oil  pressure  side  of  the 
piston  (Figure  2) 


17.   Install  the  piston  into  the  hbusing^ 


•  / 


(CAUTION:  If  either  sealring  is  installed  incorrectly,  l;he  fourth  clutch 
wiH  not  operate  properly.) 

■* 

r  *  ,     .  : 

18.  Install  the  piston  return  spring  and  spring  retainer 

19.  Using  compressor  J-6438-01  and  compressor  base  J-24204-2,  depress 
the  spring  retainerJFigure  1) 

20.  Install  the  snapring  to  retain  the  spring  retainer  * 

21.  Install  the  bearing  race,  outer  lip  first,  onto  the  front  hub  of  the  clutch 
housing  (Figure  3) 


FIGURE  3 


BEARING  RACE 


FOURTH-CLUTCH  HOUSING 


22.  Use  oil-soluble'grease  to  retain  the  races  during  the  rest  of  the  assembly 
procedure  . 


390- 
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23.  Install  the  bearing  race,  outer  lip  first,  onto  the  rear  hub  of  the  clutch 
housing  (Figure  4) 


FIGURE  4 


-BEARING- 
RACE 


,  FOURTH-CLUTCH 
HOUSING 


Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure)      |safety|      |lnitials|      |  " 
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JOB  SHEET  #12--PARTS  LIST  AND  EXPLODED  VIEW 
FOR  FOURTH  CLUTCH  A^EMBLY 


1  -  Fourth  clutch  assembly  - 

2  -  Snapring 

3  -  Clutch  *back  plats 
4-lnternal-splined  plate  (4) 
5  -  External-tanged  plate  (4) 

6 -  Snapring 

7 -  Piston  spring  retainer 

8 -  Piston  return  spring 

,9 -Fourth  clutch  piston  (ar): 
0.995—1.005  thk  (A) 
1    1.020— 1.030  thk  <B) 


10 -Piston  outer  seeking 
11  -  Piston  inner  seeking 

12 -  Fourth  clutch  housing  .assembly 

13 -  Check  ball  (4) 

14 -  Fourth  clutch  housing 
t5-  Bearing  race 

16-  Roller-  bearing  assembly 

17 -  Blaring 

18 -  Bearing  race 


©1980  General  Motors  Corporation;  reprinted  with  permission. 
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AUTOMATIC  TRANSMISSIONS 
UNITV 


JOB  SHEET  #13-DISASSEMBLE,  CLEAN,  iKlSPECT, 
AND  REASSEMBLE  A  CENTER  SUPPORT  ASSEMBLY 


Tools  and  materials  .  *  >. 

A.  <  Basic  shop  tools  „ 

B.  Clean  shop  towdls 

C.  Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  supply  for  drying  pa^ts  .  * 

•  *  \ 

E.  Bushing  mstaller  \ 

F.  Lockring  installer  /. 

G.  Oil-soluble  grease 

H.  Appropriate  service  manual*  *  • 

I.  Safety  glasses  -  *  \ 
Procedure 

(NOTE;  The  following  procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Dies61  Allison,  ©  General  Motprs  Corporation,  and  are. 
reprinted  with  permission;  this  procedure  may  be  modified  by  your  ipstuctor 
to  facilitate  ^vaifable  equipment.)         ,  . 

A.    Disassemble  the  center  support  assembly  with  the  following  procedure: 

1.  Place  center  support  assembly  14  vertically  upright  on  a  work  ta'ble' 

(NOTE:  Refer  to  the  parts  list  and  exploded  view  that  accompany 
this  job  sheet  for  parts  identification.)     -  " 

2.  Remove  pistons  10  and  20,  with  attached  parts 

3.  Remove  the  inner  and  outer  sealrings  from  each  piston 

4.  If  parts  replacement  is  necessary,  disassemble  the  two  piston  assemblies 


A 
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*  5.  *Cut\thk  :elf-locking  retainer  rings  to  prevent  damaging  the  piston 

projections  (Figure  1) 


^FIGURE  1 


RETAINER  RING  (4) 


RETAINER 


C 


SPRING  (20) 


CLUTCH  PISTON 


6.  Remove  four 'self-locking  retainer  rings,  a  retainer,  and  twenty  springs 
from  each  piston  J  c 

7.  Remove  two  step-joint  searrmg<M3  and^bearing  race  18  from  the 
hub  of  the  center  support  assembly  ^ 

8.  If  the  bushing  in  the  center  bore  ,of  the  support  assembly  is  worn 
or  damaged,  mark  the  location  of  the  notch  in  the  bushing  in  relation 

•to  the  cenW support 1  > 

).  Press  the  bushing  from  the  support 

10.  Remove  the  ball,  freed  by  removing  the  bushing,  from  the  hub.  of 
the  support 

/ 

1 1 .  Clean  and  dry  parts  for  inspection  and  reassembly 

12.  Inspect  bushing,  retainer  rings,  retainer  and  springs  for  damage  or 
'  excessive  wear;  replace  as  needed 

Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  ... 


INSTRUCTOR  CHECK;  Procedure 


Safety 


Initials 


C.    Reassemble  the  center  support  assembly  with  the  following  procedure 


V 


1.  Install  new  parts  if  the  bushing' and  balls  were  removed  fromffne 
center  support 
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* 

2.   Install  the  ball  and  bushing  as  illustrated  in  Figure  2 

1 

FIGURE  2  NOTCH  MUST  BE 

WITHIN  THIS  AREA 


A%^ 


PRESS  BUSHING  FLUSH 
WITH,  TO  0.010  m 
10.25  mmtBUOW.  THIS 
SURFACE 


SECTION  A  -  A 


NOTE   AFTER  ASSEMBLY.  8USHING  MUST  WITHSTANO 

500  lb  (2224  N) END  LOAD  IN  OIRECTION  OF  ARROW  X 

»  "* 

3.  Use  installer  J-24794  to  p>ess  the  bushing  into1  the  center  support 
(NOTE:  The  bushing  should  b$  prebored  and,  require  no  reaming,) 

4.  Engage  the  lug  on  the  piston,  with  the  recess  in  the  center  support,  and 
temporarily  place  piston  10  in  front  piston  cavit\^of  center  support 
assembly  14  ^  ^ 

5.  Install  springs  9  into  the  pockets  of  the  piston 

6.  AligrT  spring  retainer  8  on  the  four  ejector  pin  bosses  6f  the.*piston 


KJ0BSHEEf#13  . 


7..  Compress  the  springs  by  forcing  the  retainer  into  the  rece.ss  at  the  outer 
edge  of  the  center  support' when  the  saiypcking  retainer  rings  are 
installed  (Figure  3) 
1 

FIGURE  3 


RETAINER 


■  EJECTOR  BOSS      ""CENTER  SUPPORT 

/  . 


8.   Install  new  self-locking  retainei^rings  on  the  ejector  pins  of  the  piston, 
using  lockring  installer  J-24453 

*9.   Remove  the  piston  from  the  center  support 

10.  Repeat  steps  4  through  9  to  assemble  items  20  through  .23  into  the 
rear  cavity  of  center  support  assembly  1 4 

>  (NOTE;  lf*the  pistons  are  not  forced.to  the?  bottom  of  their  cavities 
during- installation  of  self-locking  retainer  rings  7  £*nd  23,  proper  cldtch 
clearance  cannot  be  established.) 

11.  Use  oil-solbble  grease  to  grease,  and  then  install  inner  seal  rings  11  and 
19,  and  outer  sealrings  12  and  18  onto 'pistons  10?nd  20 

(NOTE:  The  lips  of  all  the'sealrings  must  be  toward  the  piston  cavities 
of  the  center  support.! 


12.  Inspect  the  piston  cavities  in  center,  support  assembly  14  forany 
obstruction  or  foreign  material 
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13.  Install  piston  20  into  the  rear  of  the  center  support,  engaging  the  lug  on 
the  piston  with  the  recess  in  the  support 

(NOTE:  Be  sure  the  lips  of  both  the  inner  and' outer  sealrings  face 
t  the  bottom  of  the  piston  cavity.) 

* 

14.  Leave  the  assembled  third  clutch  piston  out  of  the;  center  support 
*  until  final  installation  of  the  center  support  assembly  ' 

15.  I  If  oil  filter  and  sealring  were  removed,  install  the  new  filter  and  sealring 

closed  ehd  of  th^cone  first  into  the  center  support' 

16.  Make  sure  the  sealring  on  the  filter  seats  against  the  shqulder  jn  tire 
suppqrt 

Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 
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JOB  SHEET  #13--PARTS  LISTRDR  THIRD  CLUTCH,  CENTER  SUPPORT, 
*SJ         AND  SECOND  CLUTCH 


I  -Snapring 

2 -Third  clutch  bhck  plate  (ar): - 
0.476—0.486  thk  (No.  1) 
0.450—0.460  thk  (No.  2) 

3  -  Internal-splined  clutch  plate  (3) 

4 -  External-tanged  clutch  plate  (3) 

5 -  Snapring  (ar): 

O.148—0.150  thk  (blue) 
0.152-T-0.154  thk  (yellow) 
0.155—0.157  thk  (green) 
0.158-^0.160  thk  (red) 

6 -  Center  support  assembly 

7 -  Self-locking  retainer  ring  (4) 
8  -  Retainer  ring 

9 -Piston  return  spring  (20) 
1 0r  Third  clutch  piston 

II  -  Piston  inner  sealring 


12 -  Piston  outer  sealring 

13-  Sealring  (2) 

14 -  Center  support  assembly 

15 -  Bushing 
.16 -Check  ball 

17 -Center  support 
.  18 -Piston  outer  sealring 

19 -  Piston  inner  sealring 

20 -  Second  clutch  piston 

21  -  Piston  return  spring  (20), 

22 -  Retainer  ring 

23 -  Self-locking  retainer  ring  (4) 

24 -  Snapring 

25 -  External-tanged  plate  (3) 
26  -  InternaPsplined  plate  (3) 

27 -Second  clutch  back  plate  (ar): 
■  0.476—0.486  thk  (No.  1) 
0.450—0.460  thk  (No.  2) 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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AUTOMATIC  TRANSMISSIONS  '■  .  : 

UNITV 

JOB  SHEET  #14-DISASSEMBLE,  CLEAN,  INSPECT,  AND 
REASSEMBLE  A  G£AR  UNIT  AND  MAI  N  SHAFT  ASSEMBLY 

I.  Tools  and  materials 

A.  Basic  shop^tools  -  • 

jt  B.  Clean  shop  towels 

C.  Cleaning  solvent  in  a  clean  container 

D.  Compressed  air  supply  for  drying  parts 

E.  .  Bushing  installer 

F.  Oil-soluble  grease 
\                       *  G.    Plug  installer 

H.    Appropriate  service  manual   *  ,  ^  ^ 

L     Safety  glasses  <^_^ 

II.  Procedure 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  .materials 
published  by  Detroit  Diesel  Allison,  ®  General  Motors  Corporation,  and  are 
reprinted  with  permission;  this  procedure  may  be  modified  by. your  instructor 
to  facilitate  available  equipment,) 

A.    Disassemble  the  gear  unit  and  main  shaft  assembly  with  the  following 
procedure: 

1.  Refer  to  the  parts  list  and  exploded  view  that  accompany  this  job 
sheet  for  proper  parts  identification  s 

(NOTE:.  This  disassembly  and  reassembly  procedure  is  for  Allison 
models  MT  650  and  654;  depending  on  available  equipment,  your^ 
$  instructor  raay  refer  you  to  the  Allison  .service  manual  for  procedures 

covering  models  MT  640  and  643  for  this  same  activity/) 
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2.  Remove  the  thrust  washers  that  are  at  each  end  of  the  gear  unit  gssem- 
•    bly  (Figure  1) 


FIGURE  1 


THRUST  WASHER 
(REAR) 


CENTER  SUN  GEAR 
•SHAFf  ASSY 


JJEAR  UNIX  AND 
MAIN  SHAFT  ASSY 


f 


3.   Remove  the  front  sun  gear  (Figure  2} 


FIGURE  2 


FRONT  SUN  GEAR 
THRUST  WASHER- 


CENTER  SUN 
GEAR  SHAFT  ASSY 


4.   Remove  the,  thrust  washer  from  the  gear  or  center  sun  gear  shaft 
assembly 


,  EKJC 


4*. 
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5.  «Lift  off  the  front  planetary  carrier-assembly  and'  remove  the  thrust, 
washer  from  the  assembly  (Figure  3)  ■  ,  • 


FIGURE  3 


WASHER 


BUSHING*- 


gemter  planetary  | 
carrier  Assy 


6.  Remove  the  center  sun  gear  shaft  assembly;  (figure  4)  , 
FIGURE  4  .  '• 


CENTER  SUN  GEAR 
,j        SHAFT  ASSY 

'  SPRING  PIH 
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7.  If  parts  replacement  is  necessary,  remove  bushipg  26  and  spring  pins  24 
from  shaft  assembly  23  * 

(NOTE:  Bearing  assembly  28  and  bearing  race  29  may  come  out  when 
sun  gear  shaft  assembly  23  is  removed.) 

8.  Remove  bearing  assembly  28'and  bearing  race  29  if  not  removed  in 
step  7 

9.  '  Remove  the  snapring  that  retains  the  front  planetary  gear  (Figure 

5)    '  . 

FIGURE  5 


CENTER  PLANETARY 
CARRIER  ASSY 


10.  Remove  the  ring  gear  from  the  planetary  connecting  drum 


1 1 .  Lift  aut  the  center  planetary  carrier  assembly  (Figure  5) 
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12.   Remove  the  main  shaft,  and  its  attached  parts  from  the  planetary 
connecting  drum  (Figure  6) 


FIGURE  6 


REAR  PLANETARY 
CARRIER 'ASSY 


,  PLANETARY 
CONNECTING  DRUM 


CENTER  PLANETARY 
RING  GEAR 


13..   Remove  the  spiral  snapring  that  retains  the  rear  planetary  .sun  gear  on 
the  main  shaft  (Figure  7)* 


FIGURE  7 


MAIN  SHAFT  : 


CENTER  RING  GEAR 


move  the  main  sh£ft 

15.  Remove  orifice  34  from  shaft  35  only  if  replacement  is  necessary 

16.  Remove  snapring  31  ^ 


17.   Remove  rear  planetary  sun  gear  36  from  center  planetary  .ring  gear 

*  32  . 
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fB.   Remove  the  snapring  that  retains  the  rear  planetary  carrier  assembly  in 
the  planetary  connecting  drum  (Figure  8) 

FIGURE  8 


•  SNAPRING 


PLANETARY 
MM  CONNECTING 

mmS^  drum 


19.  Lift  the  carrier  assembly  out  of  the  drum 

20.  Remove  needle  bearing  assembly  39  •  , 

r  >  ;s   (NOTE:  Needle  bearing  assembly  39  may  not, easily  come  out  of  the 
x        rear  ^planetary  carrier  assembly;  in  most  cases,  it  can  be  removed  by 
'  careful  manipulation,  after  rotating  the  planetary  pinions  to  allow  the 
bearing  race  to.ti^;ff  the  bearing  assembly  cannot  be  removed  at  this 
point,  refer  to  the,  special-planetary  carrier  assembly  section  of  th§ 
*,        service  manual)  *    |s  ^ 

21 .  Clean  and  dry  |>arts  for  inspection  and  reassembly  1 

22.  Inspect  all  parts  fordarqage  or  excessiytf  wear 

B.  Stop  at  this  point  and  have  your  instructor  check*and  initial  you r. procedure 
^pd  s^fe  practice  ) 

INSTRUCTOR  CHECK:  Procedure|      [safetyl      |lnitials|      |  , 

«*■    ^  .  .  -  * 

C.  Reassemble  the  gear  unit  and  mam  shaft  assefnbly  with  the  following  proce- 
dure: '  ,  -  • 

1.   If  lubrication  orifice  plug  3j^was  removed  from  shaft  35,  install  a  new 
plug,  using  i/istaller  J-24369 


iC 
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2.  Install  thejjjlug,  small-orificed  end  first,  into  the  front  of  the  main  shaft 

3.  Press  the  plug  into  the  shaft  until  the  front  of  the  plug  is' recessed  0.140 
to  0.180  inch  below  the  front  end  of  the  shaft  * 

4.  If  spring  pins  24  were  removed  from  shaft  assembly  23,  install  jiew  pin's 

5.  Presseach  pin  into  the  shaft,  split  in  pin  must  be  directly  toward  either 
adjacent  spline  tooth,  until  the  outer  end  of  the  pin  is  flush  with,  to 
0.010  inch  below,  the  top  of  the  adjacent  spline  teeth 

6.  If  bushings  26  were  removed  from  shaft  assembly  23,  install  new 
bushings,  using  installecJ-24468  (Figure  9) 

(NOTE:  The  installer  is  designed  to  position  each  bushing  at  a  different 
depth.)  , 

7.  Position  front  bushing  at  0.400  to  0.420  inch  depth 
8;  Position  rear  bgshing  at  0.650  to  0.670  inch  depth 
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9.  Install  front  bushing  and  rear  flushing  as  shown  in  Figures  9  and  10 
FIGURE  9  FIGURE  10  / 


-J 


ERIC 


10.  Check  to  insure  that  the  bore  of  each  bushing,  installed,  is  concentric 
.with  the  finished  outsicte  diameter  of  shaft  23  within  0.QQ2  inch 

11.  Position  the  planetary  connecting  drum  with  front,  long  internal 
splines, downward  (Figure 8) 

12.  Install  the  rear  planetary  carrier  assembly  A 

13.  Insta||  the  snapring  that  retains  the  carrier  assembly  in  the  drum 

14.  Install  rear  planetary^ sun  gear  36  into  the  rear  of  qenter  planetary  ring 
gear  32  , 

15.  Retain  the  sun  gear  with  snapring  31 

K 

16.  Install  the  main  shaft  into  the  front  of  the  rear  planetary  sun  gear' 
(Figure  7)  ^  ' 

-    477  • 


JOB  SHEET  #14 


17.  Retain  the  main  shaft  in  the  sun' gear  by  installing  the  spiral  snapring 
into  the  groove  in  the  main  shaft 

18.  Install  the  main  shaft,  and  its  attached  parts,  into  the  planetary  connec- * 
ting  drum  (Figure  6) 

19.  Make  sure  the  sun  gear  is  seated  against  the  thrust  bearing  in  the  rear 
planetary  carrier 

20.  '  Position  the  components  assembled  thus  far  so  the  hub  of  the  rea^ 

planetary  cjarrier  assembly  is  downward  (Figure  11) 

FIGURE  11     I  . 


REAR  PLANETARY 
SUN  GEAR 


BEARING  RACE 


c 


NEEDLE 
>BEARING  ASSY 


21.  Install  the  needle  bearing  race,  inner  lip  Upward,  onto  the  front  of  the 
rear  .planetary  sun  gear 

$2.   Retain  the  race  with  oil-soluble  grease 

23.  Install  the  needle  bearing  assembly,  coated  with  oil-soluble  grease,  onto 
the  bearing  race  *  *  ^  \ 

24.  Install  the  center  planetary  carrier  assembly,  pinions  first,  into  the 
center  planetary  ring  gear  and  planetary  connecting  drum  (Figure  5Y 

25.  Install  the  fropt  planetary  ring  gear)  outer  Splines  first '  . 

26.  Retain  the'ring  gear  with  a  snapring 

27.  Install  the  center  sCin  gear  shaft.assembly,  larger  diameter  first.(Figure 
4)       -  '       >v'  **  ' 

28.  Make  sure  the  shaft  is  seated  on  the  needle  bearing  assembly  installed  in  . 
steps  21  through  23  preceding 
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29.  Coat  thef  thrust  washer  with  oil-soluble  grease  and  install  it  onto  the 
rear  hub  of  the  front  planetary  carrier  assembly  (Figure  3) 

30.  fnstall  the  carrier  assembly  J 

c 

31.  Coat  the  thrust  vyasher  with  oil:soluble  grease  and  ^ install  it  onto  the 
rear  hub  of  the  front  planetary  sun  gear  (Figure  2) 

32.  Install  the  sun  gear  onto  the  center)  sun  gear  shaft  assembly  so  that  the 
missing  internal  spline  locations  of  the  sun  gear  index  with  the  spring 
pins  in  the  center  sun" geacshaft  assembly 

33i  Co^t  both  the  front  and  rear  thrust  washers  with  oil-soluble  grease,  and 
install  them  onto  the  assembled  gear  unit  (Figure  1) 

■» 

Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice, 

INSTRUCTOR  CHECK:  Pro6edure|      [safetyj     |lnitials|  l> 


JOB  SHEET  #14--PARTS  LIST  FOR  GEAR  UNIT  ASSEMBLY 

.....       :     .    j£ _   M 


1  -  Gear  unit  and  shaft  assembly 

U/IT  650,  653) 
2 -THrust  washer 
3  -  Front  sun  gear  ^  , 

4 -  Thrust  washer 

5 -  Front  planetary  carrier  assembly 

6 -  Pinion  pin  (6) 

7  -  Bronze  thrust  washer  (12) 

8 -  Steel  thrust  washer  (12) 

9 -  Pinion  (6) 
10 -Roller  (120) 

It* Front  planetary  carrier  assembly 

12 -bushing 

13  -'Thrust  washer 

14-  Snapring 

15 -  Front .planetary  ring  gear 

16 -  Center  planetary  carrier  assembly 
17  -  Pinion  pin  (4) 

18 -  Center  planetary  carrier 

19 -  Bronze  thrust  washer  (8) 
20 :  Steel  thrust  washer  (8) 

21-  Center  planetary  pinion  (4J 

22 -  Roller  (72) 

23 -  Center  sun  gear  shaft  assembly, 


24 -  Spring  pin  (2) 

25 -  Shaft  ami  bushing  assembly 

26 -  Sleeve,  bushing  (2)v  . 

27 -  Sun  gear  shaft  ^ 

28 -  Needle  roller  bearing  assembly 

29 -  Bearing  race 

30 -  Planetary  connecting  drum  . 
31  -Snapring 

32 -Center  planetary  ring  gear\ 

33  -  Main  shaft  assembly 

34  -  Lubrication  orifice  plug 
35 -Main  shaft  ^ 

36  -  Rear  plane#ysuff  gear  ^ 

37 -  Snapring 

38 -  Rear  planetary  carrier  assembly 

39 -  Needle  bearing  assembly 

40 -  Pinion  pin  (4) 

41  -  Rear  planetary  carrier 

42  -  Bronze  thrust  washer  (8) 

43  -  Steel  thrust  washer  (8) 

44 -  Roller  (72)  . 

45 -  Pinion  (4)  ' 

46 -  Snapring 

47 -  Thrust  wasfrer 


©1980  General  Motorfc  Corporation;  reprinted  with  permission 
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AUTOMATIC  TRANSMISSIONS 
"    UNITV  • 


^OB  SREET#15-EHSASSEMBL£,  CLEAN;  INSPECT,   — 

AND  REASSEMBLE  AN  OUTPUT  SHAFT  *« 


Tools  and  materials 


A. 

Basic  shop  tools               %         .  - 

B.- 

Clean  shop  towels 

C. 

Cleaning  solvent  in  a  clean  container 

D. 

Compressed  air  supply  for  drying  parts 

E. 

Bearing  and  gear  remover  with  drive  handle 

F. 

Rear  bearing  installer  and  drivehandle 

G. 

Press 

H. 

• 

Appropriate  service  manual 

1. 

Safety  glasses 

Procedure 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
•published  by  Detroit  Diesel  Allison,  ©  General  Motors  Corporation,  and  are 
reprinted  with  permission;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  available  equipment.)  ■  • 

A.    Disassemble  the  output  shaft  with  the  following  procedure: 

1.  Place  the  output  shaft  assembly  on  a  press,  small  end  of  shaft  down- 
ward t  \ 

2.  Install  recover  J-22912-01  sb  tbfi_Jjflt  side  of  the  puller  plates  make 
contact  with,the  forward  .edge  of/ttregovernor  gear  teeth         ,  * 

3.  Force  the  shaft  down  with  the  press  until  spring  S^fl^rs  the  slot 
and  is  free  in  the  "v"  portion  of  gear  7       „  ' 

(NOTE:  Refer  to  the. parts  list  and  exploded  view  that  acfcompany 
>     this  job  sheet  for  parts  identification;  this  procedure  is  for  assemblies 
requiring  governor  drive  gear  press-fit  installation;  assemblies  without 
governor  press-fit  requirements  will  be  treated  later  in  this  job  sheet.) 

4.  Remove  spring  pin  5,  governor  drive  gear  8,  and  ball  bearing  6  (or  roller 
bearing  7)  from  output  shaft  4 

5.  If  theN bearing  resists  movement,  use  remover  J-22912-01  to  complete 
disassembly 


JOB  SHEET  #15 


6.  Remove*  needle  roller  bearing  1  and  cup  plug  3  only  if  parts  replace- 
-  ment  is  necessary  .  - 

(NOTE:  pn  output  shaft  assemblies  not  having  a  press-fit  governor 
drive  gear,  remove  spring  pin  5  from  output  shaft  4,  and  press  ball 
bearing  6  [pr  roller  bearing  7]  from  the  shaft,  using  remover 
J-22912-01.) 

7.  Clean  and  dry  parts  for  inspection  and  reassembly 


..8.  Inspect  all  parts  for  damage  or  excessive  wear 

Stop  at  this  point  and  have  your- instructor  check  and  initial  your  procedure 
and  safe  practice* 


INSTRUCTOR  CHECK:  Procedure 


Reassemble  the  output  shaft  with  the  following  procedure: 


•  1 .  If  cup  plug  3  was  removed  from  shaft  4,  install  a  new  plug 


2.  Place  the  plug  on  the  end  of  installer  J-24369 


3;  Install  the  plug  into  the  output  shaft  as  shown  in  Figure  1 


4.  If  bearing  1  was  removed  from  shaft  4,  install  a  new  bearing 


PT-453 
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5.  Place  bearing  1  oh  Instatlerwith-nurTibered-end  of  bearing  facing-tool 
— 4Figure44— —  :  


FIGURE  1 


TT- 
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6v  Attach  driver  handle  J-8092  to  the  installer  and  install  the  bearing  into 
 the  outptit-shaft-as-shown  in  Figure  2  "  

.  (NOTE:  If  the  installer  is  not  available,  insert  the  bearing  onto  the 
output  shaft;  press  on  the  numbered  end  of  the  bearing,  locating 
bearing  0.270  to  0.290  inch  below  the  front  surface  of  the  shaft.) 

FIGURE  2  ' 


SHAFT 


7.  Replace  ball  bearing  6  with  roller  bearing  7,  when  replacement  is 
required 

'  8.  Place  output  shaft  4  on  a  press,  small  end  downward  " 
9.  Place  roller  bearing  7,  chamfered  end  first,  onto  shaft  4 

10.  Place  a  steel  sleeve,  2.375  inside  diameter  x  2.875  outside  diameter  x 
'  1.750  long,  next  to  the  bearing 

11.  Install  tools  J-24447  and  J-242024  onto  the  output  shaft  and  press 
roller  bearing  7  against  the  shoulder  on  the  shaft 

v  (  - 

T2.   Remove  the  tools  and  the  sleeve  from  the  output  shaft 

13.   Ptess  spring  pin  5  into  its  hole  in  .shaft  4  until  \\  protrudes  0.150  to 
0.1 70  inch  above  the  surface 
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1 4.  Place  governor  drive  gear  8#  slot  first,  onto  shaft  4 


1 5.  Precisely  align  the  slot  in  the  gear  with  spring  pin  5  on  the  shaft 


16.  Place  installer  J-24447  and  driver  handle  J-24202-4,  in  that  sequence, 
onto  shaft  4  and  press  governor  drive  gear  8  into  place 

Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure}      Safety  "  Initials 
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JOB  SHE£t  #15-PARTS  list  for  output  shaft 
AND  REAR  COVER  ASSEMBLY 


.1  -  Needle  bearing  assembly.  # 

2 -  Shaft  and  plug  assembly 

3 -  Cup  plug 

4 -  Output  shaft 

5 -  Spring  pin 

6-  B^II  bearing  assembly  (early  motels) 

7 -  Roller  bearing  (late  models) 
8  -  Governor  drive  gear 

9 -Speedometer  drive  gear 
1B- Sleeve  spacer 
1 1  -  Rear  cover  gasket 

12 -  Rear  cover  assembly 

13 -  Roller  bearing  outer  race  (later  models) 

14 -  Rear  cover  ^ 

15  -  Governor  support  pin 

16  -  Plug,  1/8 
17 -Plug.  1/8 

18  r  Governoj  oil  filter 


19  -Sealring 
20 -Filter  plug 
21  -  Plug,  3/8  , 

22 -  Drain  tube 

23 -  Flat  washer,  1/2  (14) 

24 -  Bolt,  1/2-13  x  5-1/4  (14) 

25-  Snapring  (early  models) 

26 -  Ball  bearing 

27-  Snapriag 

28 -  Oil  seal 

29 -  Dust  shield 

30 -  Self-locking  nut 
31  -  Governor  assembly 
32 -Governor  service  Kit 

33  -  Governor  weight  pin  (2) 

34 -  Gasket 

35 -  Governor  cover 

36 -  Bolt  5/16-18  x  9/16  (4) 


\ 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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JOB  SHEET  #1 6--D ISASSEMB LE,  CLEAN,  INSPECT, 
AND  REASSEMBLE  A.REAR  COVER  ASSEMBLY 


Tools  and  materials 

A.    Baste  shop  tools 
\B.    Clean  shop  towels 
*  C.  ,  Cleaning  solvent  in  a  clean  container 

D.    Compressed  airsupply  for  drying  pjarts 


E. 
F. 


Output  shaft  oil  seal  and  dust  shield  remover  assembly 
Spring'compressor  and  compressor  basi 


G.  .  Clean  transmission  fluid 


>earing  in 


*7 


'A 


H.  Rear  bearing 
i 

I.  Rear  seal  installer 
J.     Nonhardening  sealer 
K.    Dust  shield  installer 
L    Appropriate  service  manual     -  -  * 

M.    Safety  glasse^  ^ 
Procedure  - 

(NOTE:  The  following  .procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allison,  ©  General  Motors  Corporation,  and  are, 
reprinted  with  permission;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  available  equipment. Y 

*  » 
'A:    Disassemble  the  rear  cover  assembly  with  the  following  procedure: 

1.  Placerear  cover  assembly  12  on  a^rk  table,  front  side  down 

(NOTE:  Refer  to  the  parts  list  and  exploded  view  that  accompany 
Job  Sheet  #1 5  for  parts  identification.) 

•   .:  41;') 


JOB  SHEET  #16 


2.  Using  remover  J-2417^  remove  the  dust  shield  as,shown  jn  Fjgure  1 

3.  Using  remover  J-24171,  remove  the  oil  seal  from  the  rear  coyer  as 
shown  in  Figure  2  c 


4.  After  removing  the  beveled  snapring  that  retains  the  rear  output  shaft 
bearing,  remove  the  bearing;  use  a  soft  drift  and  drive  against  the 
bearing  outer  race 

5.  •  Place  spring  compressor  J-24452  on  the  piston  ring  retainer 

6.  Install  spring  compressor  base  J-24204-2 


4  2  0 
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8'.   Release  the  spring  compressor  carefully  and  remove  it 


9.   Remove  the  spring  retainer  and  twenty-six  springs  (Figure  4) 
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10.   Remove  tKe  clutch  piston  (Figure  5) 


FIGURE  5 


\ 


PISTON 


B. 


OUTER.  SEALR1NG 
INNER  SEAIRING 

REAR  COVtR 


1 1 .  Remove  the  inner  and  outer  sealrings  from  the  piston 

i  * 

12.  /  Remove  plugs  16,  17,  and  20,  sealring  19,  and  governor  oil  filter 

18Wom  cover  14  \  ✓ 

(NOTE:  Earlier  Allison  models  use  a  conical  metal  oil  fi/ter  screen, 
retained  in  the  housing  by  plug  17;  do  not  use  the  conicafscreen  when 
filter  181s  used.) 

13.  Remove  roller  bearing  outer  race  13  only  if  replacement  is  necessary 

14.  Remove  all  remaining  parts-,  tube,  snapring,  'governor  support  pin, 
and  plugs,  that  require  replacement,  from  the  rear  cover  > 

15.  Clean  and  dry  parts  for  inspection  and  reassembly^ 

1 6.  Inspect  all  parts  for  damage  or  excessive  wear 

Stop  at  this  point  and  have  your  instructor  check  and  initial  your^procedure 

and  safe  practice  ' 

 '      ■   r   < 

INSTRUCTOR  CHECK:  Procedure[~~]safety|  |lnitials|^J 


C     Reassemble  the  rear  cover  assembly  with  the  following  procedure: 
1.  On  earlier  model  rear  covers,  install  tNhe  front  snapring  25 
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2.  Install  plugs  16, 17,  and  21  \ 

3.  If  removed,  install  the  governor  support  pin  to  the  dimensions  shown  in 
Figure  6 

(NOTE:  Accuracy  o.f  location  anid  concentricity  with  the  governor 
bore  is  of  the  utmost  importance  when  installing  the  governor  support 
pin.) 


FIGURE  6 


Governor  pin*  late  models 


-  ttAA  COVIA 


}  S«  UW  H  turn) 


Governor  pin,  early  models 


er|c  . 
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<•  *  '  4 

'4.   Install  drain  tube  into  rear  cover  14  by  pressing  the  tube  until  it  is 
0.050  to  0.100  inch  frorh  the  chamfer  in  the  cover  (Figure  7) 

0.020  (0.51mm) 

0. 150 (3. 81nfm)      \\  .        Drain  tulpe  in  early  cover 

OIL  SHIELD 


Drain  tube  in  late  cover 
FIGURE  7 


(26.7  mm) 


JH-0UST 


SHIELD 


■  0.050(1.27 


mm) 
0. 100  (2.54  mm) 


DRAIN  TUBE 


5.   Lubricate  sealrings  with  transmission  fluid,  and  install  them  into  the 
'   grooves  of  piston  (earlier  models) 

(NOTE:  The  lip  of  each  sealring  must  face  the  rear  of  the  piston, 
toward  the  piston  cavity  in  tear  cover.) 

*     6.   kistall  the  piston  carefully  into  the  rear  coverlFigure  5) 

f  (CAUTION:  'Use  extreme  care  to  prevent  the  lip  of  either  seal  folding 

back  over  itself;  if  installation  is  difficult,  remove  the  piston  and  check 
the  seal  and  cover  bore  again  before  attempting  installation.) 

7.  Install  one  spring  into  each  of  twenty-six  pockets  of  the  low  piston 

8.  Install  the  spring  retainer,  cupped  side  first,  onto^be  springsJFigure  4) 

9.  Install  spring  compressor  base  3-24204-2  and  compressor  J-24452 

■s 

*  10.  Compre'ss  the  twenty-six  springs  until  tl|lfljp^ring  can  be  installed  as 
.1      shown  in  Figure  3  ;      .)  *  sVl ' *        xi*  *  * 

11.  Place  the  ball  bearing  into  the  rear  cover  * 

T2.  JUsirtg  rear  bearing  installer  J-24447,  install  the  bearing*  until  it  seats 
,  firmly  in  the  rear  cover 

(NOTE:  On  earlier  models,  the  bearing  is  seated  against  a  snapring 
as  shown  in  Figure  7.)  • 
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13.  Install  the  bearing  snapring,  beveled  side  toward  the  rear  of  the  trans- 
mission, and  be  sure  the  snapring  is  fully  expanded  into  its  groove 

14.  Apply  a  nonhardening  sealer  (Perfect  Sealer  No.  4  or  equivalent) 
onto  the  outer  circumference  of  the  rear  oil  seal 

15.  '  Place  the  seal  onto  the  rear  seal  installer  J-24620,  spring-loaded  side 

away  from  the  installer 

16.  Insert  the  seal  installer  and  the  oil  seal  into  the  rear  cover  and  drive  the 
seal  into  the  bore  until  its  rearward  surface  is  1.03  to  1.07  inch  below 
the  rear  face  of  the  rear  cover  assembly  as  shown  in  Figure  7 

(NOTE:  The  installer^ill  seat  when  seal  is  properly  positioned.).., 

17.  Place  the  dust  shield  onto  dust  shield  installer  J-24198,  concave  side 
first 


18.  Coat  the  outer  circumference  of  the  shield  with  a  nonhardening  sealer 

19.  Drive  the  shield  Jnto  the  rear  cover,  as  shown  in  Figure  7,  until  it  is 
flush  with,  to  0.040  inch  below,  the  rear  face  of  the  rear  cover  assembly 

20..  Install  filter  18  and  sealring  19  into  cover  14  , 

(NOTE:  On  earlier  models,  install  the  conical  metal  screen  before 
installing  plug  1 7.)  *  , 

21.   If  roller, bearing  outer  race  13  was  removed,  or  if  ball  bearing  6  is  being 
'replaced  with  roller  bearing  7,  install- race  13  into  the  front  of  cover  14 

(NOTE:  The  race  must  be  installed,  inner  lip  first,  until  the  front  end  of 
the  race  is  0.080  to  0.090  inch  below  the  surface  adjacent  to  the  bore 
into  which  the  race  is  installed.)  '  ^  * 

Stop  at  this  point-and  have  your  instructor  check  and  initial  y<?ur  procedure' 
and  safe-practice 


INSTRUCTOR  CHECK:  Procedure 


AUTOMATIC  TRANSMISSIONS 
-    UNITV  N 

JOB  SHEET  #17--DISASSEMBLE,  CLEAN,  INSPECT,  AND  REASSEMBLE 
AN  ADAPTER  HOUSING  AND  FIRST  CLUTCH  PISTON 

Tools  and  materials  * 

A.  Basic  shop  tools  ^ 

B.  Clean  shop  towels 

C.  Cleaning  solvent  in  a  clean  container  a 

D.  ,  Compressed  air  supply  for  drying  parts 

E.  Compressor,  compressor  base,  and  base  screw 

F.  Appropriate  service  manual 

G.  Safety  glasses 
Procedure 

(NOTE::  The  following  procedure  and  illustrations  are  adaptejd  from  materials 
published  by  Detroit  Diesel  Allison,  ©  General  Motors  Corporation,  and  are 
reprinted  with  permission;  this  procedure  jmay  be  modified  by  your  instructor 
to  facilitate  available  equipment.) 

A.    Disassemble  the  adapter,  housing  arid  first  clutch  piston  with  the  following 
procedure:  * 

1.  Place  the  adapter  housing  and  attached  piston,  piston  upward,  on 

the.work  table  *  • 

■> 

(NOTE:  Refer  to. the  parts  liists  and  exploded  views  that  accompany 
this  job  sheet  for  parts  identification.) 


JOB  SHEET  #17 


2.   Install  compressor  J-24452  onto  the  first  clutch  spring  retainer  (Figure 


3.  Attach  compressor  base  J-24204-2,  and  tighten  base  screw,  compressing 
retainer  springs,/  . 

4.  Remove  the  sgapring,  retainer,"  and  26piston  return  springs 

5.  Remove  the  first'  clutch  piston  from  the  adapter  housing,  and  remove 
the  seal  rings  from  the  piston  (Figure  2) 


PT-471 


JOB  SHEET  #17 


6.  Remove  plug  4  (B-9)  only  if.nec&ssary  for  clearring  the  internal  passages 
in  the  housing 

>•* 

7.  Clean  anji  dry  parts  for  inspection  and  reassembly 

8.  Inspect'all  parts  for  damage  or  excessive  wear 

B.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]     ^Safety]     [initials]     |     -  - 

C     Reassemble  the  adapter  housing  and  first  clutch  piston  with  the  following 
procedure:     ,  * 

1.   If  the  1/4-18  plug  4  (B-9)  was  removed,  replace  it 

<      2.  Tighten  the  plug  sufficiently  to  prevent  leakage  (Figure  2) 

3.  Lubricate  and  install  the  piston ^ealrings  into  theitgrooves  in  the  piston 
;  (Figure  2)  .  9 

4.  Make  sure  that  the  sealring  lipsface  tovyard  the  oil  pressure  side,  cavity 
in  adapter  housing,  of  the  piston  *  '  ,  \  ' 

5.  Align  the  lug  on  the  piston  with  the  recess  in,  the  housing  and  install  the 
piston  * 

6.  Install  twehty-six  piston  return  .sprjngs  10  (A-9)  into  the  pockets 

of  first  clutch  piston  11 

•»  "  •  •  * 

7.  Place  spring  retainer  9,  cupped  side  first,  on  top  of  the  twenty-six  . 
springs 

8.  Place  compressor  J-24452  onto  the  spring  retainer  (Figure  1 ) 

9.  Install  compressor  ba£e.J-24204-2  as  shown  in  Figure  1 

10.  Tighter!  the  compressor  base  center  screw  handle  tQ  allow  sufficient 
clearance  for  installation  of  the  spring  retainer  Snapring  \ 

11.  -Install  the  snapring  and  remove  the  compressor  tool 

D.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]     |safety|     |lnitials|  | 
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JOB  SHEET  #17--PARTS  LIST  FOR  FIRST  CLUTCH  AND  REAR 
PLANETARY  RING  £  EARS  (A) 


i  -Snapring 

2 -  First  clutch  back  plate  (ar): 

0702—0.712  thk  (No.  J) 
-    &671— 0:681  thk  (No.  2) 
0.640 — 0.650  thk  (No.  3) 

3-  lnternal-splined  plate  (6} 
4  -  External-tanged  plate  (6) 

5 -Rear  planetaryjfing  gear  (MT  650,  653) 
6  -  Rear  planetary  ring  gear  hub 
(MT  650,  653) 

7 -  Snapring  (MT  650,  653) 

8 -  Snapring 

9 -  Spring  retainer 

JO -Piston  return  spring  (26) 
11  -  First  clutch  piston 

12 -  Piston  outftr  sealring 

13 -  Piston  inner  sealring 

14-  Rear  planetary  ring  gear  (MT  640,  643) 


©1980  General  Motors  Corporation;  reprinted  with  permission 


JOB  SHEET  #'17-EXPLODED  VIEW  OF  FIRST  CLUTCH  AND  REAR 
PLANETARY  RING  GEARS  (A)     .  > 


©1980  General  Motors  Corporation;  reprinted  with  permission 
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JOB  SHEET  £17--PARTS  LIST  FOR  LOW  CLUTCH,  PLANETARY 
AND  ADAPTER  HOUSING  (B) 


J  -  Adapter  housing  gasket 

2 -  Thrust  washer 

3 -  Adapter  housing 

4 -  Hexagon  socket  plug*  1/4  in. 
5  -  Thrust  washer 

6 -Low  sun  gear 

7  -  Thrust  washer 

8  -  Low-planetary'  carrier  assembly 

9  -  Pinion  pin  (6) 

10  -  Bronze  thrust  washer  (12) 

11  -  Steel  thrust  washer  (12) 

12 -  Pinion  (6) 

13 -  Pinion  roller  (114)       "  • 

14 -  Carrier  and  bushing  assembly 

15 -  Bushing 

16 -  Thrust  Washer 

17  -  External-tanged  plate  (6) 

18-  lnternal-splined  plate  (5) 

19 -  Low-planetary  ring  gear 

20  -  Snapring 

21  -  Piston  spring  retainer 

22 -  Piston  return  spring  (26) 

23 -  Low  clutch  piston  (ar): 

0.858 — 0.868  thk  (A) 
0.829—0,839  thk  (B) 
0.800—0.810  thk  (,C) 

24 -  Piston  outer  sealring 

25 -  Piston  inner  sealring 


©1980  General  Motors  Corporation;  reprinted  with  permission 


JOB  SHEET  #17--EXPLOQED  VIEW  OF  LOW  CLUTCH,,PLANETARY, 
AND  ADAPTER  HOUSING  (B)' 


VIZ  ■  ■■'  \V 


AUTO  MAT  I  (!f TRANSMISSION 
,   .         UNIT  V 


JOB  SHEf'T  #18  -DISASSEMBLE,  CLE/y\l,  INSPECT, 
-  AND  HLASSEMBLE  A  TRANSMISSION  HOUSING  ! 

r 

Tools  jncj  materials  •  r  / 

A.  Basic  shop  tools  - 

B.  Cl^an  shop  towels  «,  t> 

C     Selector  shaft  seal  rj^>ver  ' 

D.  Selector  shaft  seal  installer     -  , 

E.  i  Cleaning  solvent  in  a  clean. container 

F.  "  Compressed  air  supply  for  drying  parts 

G.  New  gasket  for  valve  adapter  . 

K    Socket-head  bolts  as  required  \)  ^ 

'  I.     100  foot-pound  torque  wrench  *  * 

*J.     Nonhardening  sealer 

K.  '  Appropriate  service  mc/nual  *  " 

L     Safety  glasses.         *  '; 

Procedure 

(NOTE:  The  following, procedure  and  illustrations  are  adapted  from  materials, 
published^by  Detroit  Diesel  Allison,  ®  General  Motors -Corporation,  and  are 
reprinted  with  permission-  this  procedure  may  be  modified  by  your  instructor 

to  facilitate  available  equipment.)    \ "  •  ^ 

A.    Disassemble  the  transmission  hous'mg  with  the  following  procedure: 

1    1.   Remove  manual-  detent  lever  34  by  first  removing  shaft-retainer  pin  37 
and  nut  35  / 

*    '  "  (NOTE:  Refer  t<5  the  parts  list  and  exploded  view  .that  accompany 
this  job  sheet  for  parts  identification.) 

2.   Hold  the  detent  lever  in  one  hand,  and  remove  the  shaft  by  carefully 
pulling  it  through  the  oil  seal  in  the  housing. 

•3.   Remove  the  detent  lever 

4.   Remove  oil  seal  44  from  the  bore -in  the  housing,  using  remover 

'     J-2G401  ■  1 
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JOB  SHEET  #18 


5.   If  replacement  of  the  breather  is  necessary,  use  an  open  end. wrench' and 
rotate  the  breather  counterclockwise  (Figure  1) 

„  V 

FIGURE  1  •  ^  


PLUG,  1/8(2) 


PLUG,  3/4-16 


«6.   Remove  the  breather 

*  7.  -Remove  the  3/4-16  plug  and  washer,  or  ifieutral  switdfi,  and  the  two 
1/p-inch  plugs  o«ty  if  necessary  for  cleaning- internal  passages 

8.   Remove  two  bolts,  and  washers  if  used,  that  retain  the  lubrication 
valve  adapter  {Figure  2) 


FIGURE  2 


9".  Remove  the  adapter  and  discard  the  sealring  and/or  gasket 
10.   Remove  the-lubrication' valve  and  spring 


9 
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JOB  SHEET  #18 

14,   Remove  the  1/8-inch  plug. (2  plugs-on  units  with  modulate<H^ckup) 
from  the  right  side  of  the  transmission  housing  /  \ 

12.   Remove  the  namepla?e  only  if  it  is  necessary  to 'replace  it 

(WrE-  All  replacement  parts  orders  require  information  flon/the 
nameplate,  so  it  is  imperative  that  the  new  nameplate  be  stamped 
with  identical  information  to  the  nameplate  that  is  replaced.) 


13.  Pull  valve  guide  tube  12,  pressed  into  the  main  housing  on  earlier 
models,  from  the  housing  if  replacement  is  necessary 

14.  Clean  and  dry  parts  for  inspection  and  reassembly 

15.  Inspect  all  parts  for  damage  or  excessive  wear 

<  * 

B.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
arid  safe  practice  v  '  

INSTRUCTOR  CHECK:  Procedu re|j^Safetyj^~j t nitialsj  | 

C»  "  Reassemble  the  transmission  housing  with  the  follpwing  procedure: 

1 .  Install  a  new  guide  valve  tube  13  if  it  was  removed  *  ■ 

2.  Press  the  tube  into  its  bore  until  it  is  0.56  to  0.60  inch  below  the 
external  surface  of  the  adapter  mounting  boss  - 

3.  Replace  the  1/8-inch  plugs  if  they  were  removed  ^ 

4.  Tighten  the  plugs  sufficiently^  prevent  leafage  (Figure  2) 

5.  If  a  new  nartieplate  is  required,  all  .information  on  the  old  plate  must  be^ 
metal  stamped  into  the  new  plate  >  ; 

6    Install  the  new  plate  and  retain  it  with  a  drive  screw  s 

7.   Install  the  lubrication  valve  spring  onto  the  tube  in  the  housing  bore 
(Figure  2) 


8.  Install  xthe  lubrication  valve,  convGx  side  outwarcj,  onto  the  spring 

9.  Install  a  new  gasket  8  onto  the  valve, adapter  .  - 

10.  Install  J^e  adapter  into  the  bore 

11.  Retain  the  adapter  with  two  new  T/4-20  x»7/8-mch  socket-head  bolts 

'(NOTE:  The  bolts  and  Ipckwashers  formerly  used  can  be  replaced 
with  sockel-head  bolts  when  interference  with  hose-end  fittings  occurs; 
use  bolts  only.one  time.) 

1 2.  Tighten  the  bolts  to  9-1 1  lb  ft  torque 
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13.  If  the  3/4-16  plug  and  washer,  or  neutral  switch,  or  the  two  1/8-inch 
plugs  were  removed,  replace  them 

y 

14.  Tighten  the  3/4-16  plug,  or  neutral  switch,  to  50-60  lb  ft  torque 

15.  Tighten  the  two  1/8-inch  plugs  sufficiently  to  prevent  leakage* 

16.  Place  the  selector  shaft  oil  seal,  sealring  lip  away  from  the  tool,  onto 
installer  J-26282  * 

17.  Apply  a  nonhardening  sealant  onto  the  outer  circumference  of  the 
oil  seal 

18.  Install  the  seal  into  the  housing  bore  (Figure  3) 


FIGURE  3 
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19.  Lubricate  the  inner  bore  of  the  seal 

(NOTE:  The  revised  configuration  of  the  installer  J-26282  permits 
installation  of  the  oil  seal  with  or  without  the  selector  shaft  installed.)  9 

20.  Guide  the  grpoved  end  of  selector  shaft  43  through  seal  44  after  remov- 
ing burrs  fromshaft  to  protect  oil  seal' 

21.  Position  detent  lever  34  so  that  the  selector  valve  pin  extends  toward 
the.  inside  of  the  housing,  and  engage  the  slot  in.  the  detent  lever  with 
flats  on  the  selector  sjiaft  * 

22.  Install  nut  35  and  retainer  pin  37  to  retrain  the  shaft  and  lever  yf\ 

*  .   ••  •  '  4j  b  ' 
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23.  Tighten  the  nut  to  15-20  lb  ft  torque 

(NOTE:  See  manufacturer's  \service  manual  for  installation  of.  the 
external  selector  lever.) 


24.   Install  a  new  breather  if  the  olc^one  was  removed 


25.  Tighten  .the  breathe^  sufficiently,  using  care  .not  to  distort  or  crush  the 
breather  stem  C 

r  ■ 

Stop  at  this  point  and.  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

.INSTRUCTOR  CHECK:  Procedure]     [safety[     |lnitials|  | 
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JOB  SHEET  #t8--PARTS  LIST  FOR  TRANSMISSION  HOUSING, 
OIL  FILTER,  AND  PAN 


1  -  Breather 

2  •  Modulated  lockup  check  plug 
3 -Gasket 

4  -  Power  takeoff  cover 
5 -Bolt  3/8-16x3/4  (6) 
•6 -Bolt,  1/4-20x7/8(2) 

7  -  Lubrication  regulator  valve  adapter 

8  -  Gasket 

9  -  Lubrication  regulator  valve 

10-  Valve  spring 

11 -  Transmission  housing  assembly 

12 -  Housing 

13 -  Valve  guide  tube 

14 -  Plug,  1/8  * 

15 -  Name  plate 

16 -  Drive  screw 


17  -Tube  adapter  (MT  6f 0,-643)  -  . 

1 8  -  Bolt,  1  /4-20  x  1  d/4  (4)  (MT  64tf,  JS4S) 

1 9  -  Bolt,  1  /4-20  x  2-3/4  (7)  (MT  650,  653) 

20  -  Bolt,  1  /4-20  x  7/8  (2)  (MT  650,  6$3) 

21  -Bolt,  1/4-20  x  2-1/4  (1ft)  ■ 
^2  -  Bolt  1/4-20x1-3/4 

23  -  Detent  roller  and  spring  assembly 

24  -  Bolt  1/4-20  x  1-3/4  (4)    ^  - 

25 -  Washer  head  screw  5/16-18 

26 -  Oil  Filter 

27 -  Oil  filter  tube 

28-  Sealring 

29 -  Oil  pan  gasket 

30 -  Drain  plug 
31  -  Gasket 


•32- Oil  pan 

33 -  Washer  head  screw  (21) 

34 -  Inside  detent  lever 

35-  Nut,  3/8-24 

36 -  Plug.  1/8  (2) 

37  -  Shaft  retainer  pin 
38^Boltf  5/16-18  x  9/16 

39 -  Modulator  retainer 

40 -  Governor  pressure  check  ball 
41  -  Bolt,  3/8-16  x  2-1/4 

42 -  Plain  washer,  3/8  % 

43 -  Manual  selector  shaft 

44 -  Selector  shaft  oil  seal 
45*  Plug,  3/4 

46 -Washer  N  : 


*  Earlier  models  used  two  external  hex  head  bolts  and  two  washers. 
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AUTOMATIC  TRANSMISSIONS 
UNIT  V 

JOB  SHEET  #19-REASSEMBLE  AN  AUTOMATIC  TRANSMISSION 

J 

I.      Tools  and  materials 

A. 

Center  support  lifter 

B. 

Front  support  lifter  * 

c. 

'  Hoist          f                                                                    •  • 

 D. 

D  eDth_  min  ro  met  er 

E. 

> 

*  First,  second,  and  third  clutch  clearance  gauges 

F. 

Troque  converter  lifter  and  converter  retaining  strap 

G. 

Snapring  gauge 

H. 
I. 

Compressor  base,  compressor  bar/and  compressor  screw 
Gear  unit  lifter 

# 

J. 

Rear  bearingjnstaller 

K. 

Oil  seal  installer 

L. 

Dust  shield  installer                     .  ^ 

,M. 

Oil-soluble  and  high-temperdture^rease 

N. 

Self-locking  anchor  bolt 

0. 

Guide  bolts  and  headless  guide  screws  * 

* 

P.. 

BoltTand  rubber-covered  washers  as  required 

Q. 

New  3/8*16  x  2  1/4-inch  self-locking  bolt  and  washer  7 

R. 

Washer-head  screws  as  required 

S. 

Compressed  air  supply 

T. 

100  foot-pound  torque  wrench  ' 

U. 

Basic  shop  tools 

V. 

Cleaning  solvent  'n  a  clean  container 

W. 

Clean  shop  towels 

X. 

Nonhardening  sealer  ' 

,*ER1C 
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Y.    Appropriate  service  manual  f 
Z:    Safety  glasses 

Procedure  * 

(NOTE:  The  following  procedure  and  illustrations  are  adapted  from  materials 
published  by  Detroit  Diesel  Allisoijf,  ©  General  Motors  Corporation,  and  are 
reprinted  with  permission;  this  procedure  may  be  modified  by  youF  instructor 
to  facilitate  available  equipment.)  I 

A.    Select  center  support  snaprirtg  with  the  following  procedure: 

> 

T  Position  the  transmissibft  housing,  converter  end  up,  and  install  the 
second  clutch  back  plate '27 

2.  Beginning  with  an  internal-splined  clutch  plate,  alternately  install  three 
internal-splined  26  and  three  external-splined  25  clutch  plates  into  the 
transmission  housing 

3.  Retain  the  plates  with  snapring  24 

(NOTE:  Refer  to  the  parts  lists  and  exploded  views  that  accompany 
previous-job  sheets'for  parts  identification.)" 

4.  Remove  third  clutch  piston  10-  from  center  support  assembly  14 

5.  Attach  center ^upport  lifter  J*2 44*55  into  the  recess  between  the 
sealringson  ther$upport  hub  (Figure  1) 


FIGURE  1 


44. 


JOB  SHEET  #19 


6.  Align  the  tapped  hole  in  the  support  (Figure  1)  with  the  anchor  bolt 
hole  in  the  transmission  housing  (Figure  2) 
* 

FIGURE  2  i  ^MWliiWPWII  '    ■  II  il 


7.  Lower  the  support  carefully  into  the  housing,  seating  it  firmly  against 
the  second  qlutch  retaining  snapring 

8.  Remove  the  lifting  bracket  from  the  support 

9.  Retain  the  support  by  installing  the  special  3/8-16  x  2  1/4-inch  self- 
locking  anchor  bolt  and  washer 

10*  Tighten  the  bolt  finger  tight 


JOB  SHEET  #19 

11.  Install  compressor  base  J-24475-1  over-the  hub  of  the  center  support 
(Figure  3) 


FIGURE3 


!f2.  Install  compressor  bar  J-24475-2  and  screw  J-2371 7-1,  retaining  the  bar 
to  the  transmission  with  two,  3/8-16 -x  1  1/4-inch  bolts  (Figure  3) 


-13— Compress- the  support~by-applyiri§-a  torque-of-5-pound-f eet-to  screw 
J-23717-1 


\ 
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JOB  SHEET  #19 


14.  Using  gauge  J-242084,  measure  the  clearance  between  the  top  edge 
of  the  center  support  and  the  top  of  the  snapring  groove  in  the  housing 
(Figure  4) 


FIGURE  4 


15.  Select  the  proper  snapring,  using  the  following  table: 


Measured 

'  Snapring 

'  Snapring 

Clearance 

Thickness 

Color 

0.150-0.154 

-0.148-0.150 

Blue 

0.154-0.157 

0.152-0.154 

Yellow 

0.157-0.160 

0.155-0.157 

Green 

0.160-0.164 

0.158-0.160 

Red 

16.  Install  the  selected ,  snapring  and  remove  the  compressor  from  the 
 housing  '  .     


Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


; INSTRUCTOR  CHiECK:  Procedure]    "]safety|      [initials]     |  , 

Check  second  clutch  clearance  with  the  following  procedures 
t.   fnvert  the  transmission  housing,  output  end  upward  ( 
2.  Using  gauge  J-26915,  check  the  second  clutch  plate  clearance 


v 
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JOB  SHEET  #19 


3."  Insert  the  gauge  between  the  back  plate  and  the  transmission  housing 
<H  (FigureS) 


FIGURE  5 


K6915- 


BACK  PLATE 


4.  Measure  to  see  that  the  prescribed  clearance  of  0.049  to  0:111  is 
achieved 

(NOTE:  When  prescribed  clearance  is  achieved,  the  first  step  of  the 
gauge  will  fit. between  the  back  plate  and  the  transmission  housing;  the 
second  step  will  not.)  "     ■  < 

5.  If  the  clearance  is  not  satisfactory,  measure  the  total  plate  thickness, 
"  and  replace~air  plates  necessary  to  satisfy  the  prescribed  clearance 

(NOTE:  If  required,  th6  back  plate'may  be  replaced  by.  a  thicker 
or  thinner  plate.)  .  • 

ft 

D.    Stop  at  this  point  .and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure|      |safety|      |lnittals|  | 
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E.     Install  rear  cover  and  first  clutch  with  the  following  proce^ure^ 

1:  Place  the  rear  cover  gasket  on  the  transmission  housing-,  aligning  the 
holes  in  the  gasket  wrth  those  in  the  housing  (Figure  6)  - 

(NOTE.  This  procedure  applies  to  Allison  models  MT  640  and  643; 
check  with  your  instructor  if  you  have  questions  concerning  this 
step  in  the  procedure.) 


FIGURE  6 


GASKET 


2.  Install  the  .Tar  co^/Or  assembly  (as  completed  in  a  previous  job  sheet) 
onto  the  transmission  housing  (Figure  6) 

3.  Install  fourteen  1/2-13  x  I  -1/2  inch  bolts  and  washers  to  retairi  the  rear 
cover  assembly  ~  f  ^ 

4.  Tighten  two  bolts' that  are  180°  apart  to  33  lb  ft  torque  . 

5.  Move  approximately  90°  around  the  bolt  circle  and  repeat  the  tighten- 
ing operation  i 

<> 

6.  Tighten  the  remaining  bolts  at  180°  increments  to  33  lb  ft  torque 

•  ✓ 

7.  Repeat  the  entire  process,  tightening  each  of  the  fourteen  bolts  to 
67-80  lb  fttdrque 

8.  Begin  installation  of  the  first  clutch  by  inverting  the  transmission  front 
side  up 
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9.^  Remove  the  snapring  that  retains  the  center  support 

10.  Rem^e  the  center  support  anchor  bolt  and  washer 

11.  Attach  center  support  lifter  J-24455  to  the  hub  of  the  support  1  Figure 


1) 


12.   Remove  the  center  support  from  the  transmission 


13.   Remove  the  lifting  bracket  from  the  center  support 


14.  Remove  the  second  clutch  retaining  snapring 

15.  Remove  the  six  second  clutch  plates  and  the  back  plate  from- the 
transmission  housing 

16.  Retain  the  second  clutch  plates  in  a  pack;  do'riot  mix  them  in  with 
other  plates  • 

17.  w  Install  one  external-tanged,  one  internal-splined,  and  one  external- 

tanged  first  clutch  plates  into  the  transmission  housing 

18.  .Place  the  rear  planetary  ring  gear,  extended  tooth  side  down,  on  the 
.   work  table  "  \ 

19.  Beginning  with  an  internal-splined  clutch  plate,  install  five  interftal- 
splined  arid  four  external-tanged  clutch  plates  and  the  back  plate,  flat 
side  first,  onto  the  ring  gear  , 
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20.   Install  the  ring  gear  and  plates  as  an  assembly  into  the  transmission 
housing  (Figure  7) 


FIGURE  7 


21.  Retain  the  first  clutch  plate-pack  with  a  snapring  (Figure  8) 


^FIGURE  8 
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2£.  Using  first  clutch  clearance  gauge  J-26914,  check  the  clearance  between 
the  snapring  and  back  plate  (Figure  9)  / 


23.  Measure  to  see  that  the  prescribed  clearance  of  0.074  to  0.147  inch  for 
the  first  clutch  is  achieved 

(NOTE:  When  prescribed  clearance  is  achieved,  the  first  step  of  the 
gauge  will  fit  between  the  snapring  and  back  plate;  the  second  step  will 
not! 

24,  If  the  clearance  is  not  satisfactory,  measure  the  total  plate  thickness, 
and  replace  all  plates  necessary  to  satisfy  the  prescribed  clearance 

(NOTE:  If  required,  the  back  plate  may  be  replaced  by  a  thicker 
or  thinner  plate.) 

•Stop  at  this  point  and. have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  » 


FIGURE  9 
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G.    Establish  low  clutch  clearance  with  the  following  procedure: 
(NOTE:  This  procedure  is  for  Allison  models'  MT  650  and  653.) 

*  « 

1.  Position  the  adapter  housing  and  first  clutch  pistons  (as  assembled  in  a 
previous  job  sheet)  on  a  clean  work  surface,  piston  downward  (Figure 
10) 


FIGURE  10 


ADAPTER 
HOUSING. 


-DEPTH  MICROMETER' 
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.DEPTH  MICROMETER 


GASKET 
REAR  COVER 


A-B  •  CLEARANCE 


2.    Install  the  loW-clutch  plates,  %six  external-tanged  plates,  five  internal- 
splined  plates,  intcrtheadaptar  housing  (Figure  10) 


3.  Position  the  rear  dover  (as  as$en*bled  in  a  previous  job  sheet)  on  a  clean 
work  surface,  piston  upward,  ancTin$tall  the  rear  cover  gasket  (Figure 
10) 

4.  Using  a  depth  micrometer  as  shown  in  Figure  fDr^tieasure  and  record 
dimension  A,  distance  from  top  of  housing  to  top  dutch-f*late 

5.  U.se  firm  hand  pressure  against  the  plates  at  the  point  of  measurement 
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6.  Using  a  depth  micrometer  as  shown  in  Figure  10,  measure  and  record 
dimension  B,  distance  from  tpp  of  piston  to  gasket  mounting  flange 

7.  Subtract*  dimension  B  from  dimension  A  to  obtain  clearance  of  low 
clutch 

(NOTE:  The  clearance  is  acceptable  if  it  is  within  0.081  to  0.139 
inch;  however,  the  closer  the  clearance  is  to  0.081,  the  longer  thelife  of 
the  clutch  pack.) 

8.  Replace  worn  plates  with  new  plates  to  obtain  desired  running  cle^ 
ance 

(NOTE:  If  the  adapter  Rousing  or  rear  cover  was  replaced,  it  may 
be  necessary  to  select  a  piston  with  a  different  thickness  to  obtain  the 
desired  clearance.)'  *  ,  J 

9.  After  a  desired  .clearance  is  established,  remove  and  identify  the  low 
clutch  pack 

H.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 
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I.      Install  the  low  clutch  with  the  following  procedure 

(NOTE:  This  procedure  is  for  Allison  models  650  and  653.) 

1.   Install  the  adapter  housing  gasket  onto  the  rear  of  the  transmission 
housing  (Figure  11) 


FIGURE  11 
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2.  Install  the  adapter  housing  and  first  clutch  piston  (as  assembled  in  a 
previous  job  sheet) 

3.  Use  1/2-13  x  6-inch  guide  bolts  J-1927-1  to  maintain  gasket  a ffgnment 
.  during  assembly 

4.  Install  the  tanged  thrust  washer  and  low  planetary  sun  gear  (Figure  12) 


FIGURE  12 
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LOW  PLANETARY 
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*  5.   Install  the  thrust  washer  into  the  low  planetary  assembly  and  retain  it 

with  oil-soluble  grease  (Figure  13) 

m 


with  oil-soluble  grease  (Figure  14) 
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8.   Center  the  thrust  washer  within  the  planetary  assembly,  and  install  the 
ring  gear  (Figure  14) 


9.   Beginning  with  an  external-tanged  plate,  install  the  low  clutch  pack  into 


the  adapter  housing  ^ 


10.  Pay-  particular  attention  to  the  positioning  of  the  three  sets  of  double 
tangs  on  the  plates;  if  the  tangs  are  not  positioned  as  shown  in  Figure 
15,  movement  of  the  stationary  pfates  will  occur 


FIGURE  15 
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11.  Install  the  output  shaft  assembly  (as  assembled  in  a  previous  job  sheet) 
into  the  low  ring  gear  (Figure  16) 


FIGURE  16 


12.  If  the  governor  drive  gear  was  not  previously  installed,  install  it  onto 
the  output  shaft,  and  engage  the  spring  pin  with  the  slot  in  the  drive 
gear  (Figure  17) 


FIGURE  17 
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13.  Install  the  speedometer  drive  gear  and  spacer  onto  the  output  shaft 
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Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


NSTRUCTOR  CHECK:  Procedure]     [saf ety |    T[ Initial^  | 


K.    Instalhthe  rear  cover  with  the  following  procedure: 

.  1.   Install  the  rear  cover  gasket  onto  %e  adapter  housing  as  shown  in 
Figure  17 

2.  Install  the  rear  cover  assembly  (as  assembled  in  a  previous  job  shept)- 
onto  the  adapter  housing  (Figure  17) 

3.  Install  twelve  1/2-13  x  5  1/4-inch -bolts  agd  washers,  through  the 
rear  cover  and  adapter  housing,  into  the  transmission  housing  (Figure 

'18) 


FIGURE  18 


OUTPUT  SHAFT^ 
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4.  Replace  the  two  guide  bolts  with  the  two  remaining  cover  bolts  and 
washers 

f 

5.  Tighten  two  bolts  that  are  180°  apart  to  33  lb  ft  torque 

6.  Move  approximately  90°  arokund*the  bolt  circle  and  repeat  the  operation 

7.  Tighten  the  remaining  opposite  pairs  of  bolts  to  33  lb  ft  torque 

8.  Repeat  the  entire  process,  tightening  all  fourteen  bolts  to  67-80  lb  ft 
torque  1 
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9.   Install  the  governor  into  the  rear  cover  assembly  (Figure  19) 


FIGURE  19 


10.  Install  the  governor  cover  gasket  and  the  cover  onto  the  rear  cover 
assembly 

11 .  ftetain  the  governor  cover  with  four  5/16-18  x  9/]6-9ncb  bolts 

1 2.  Tighten  the  bolts  to  1 5-20  lb  ft  torque 

(NOTE:  Check  with  the  service  manual  to,  see  if  an  output  flange 
spacer  is  required,  andVefer  to  the  manual  for  installation  of  the  output 
flaage  retaining*nut.) 


L    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedurej      |safetyj      | Initials |  | 

M.    Install  the  first  clut?h  with  the  following  procedure: 

1 .  Invert  the  transmission,  front  side  upward 

2.  Remove  the  cejiter  support  anchor  bolt  and  washer 

,  (NOTE:  It  may  be  necessary  to  compress  the  cehter  support  in  order  to 
remove  the  snapring.) 

3.  Attach  center  support  lifting  bracket  J-24455  to  the  hub  of  the  support 
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4.  Remove  the  center  support  ' 

m 

5.  Remove  the  second  clutch  plate  retaining  snapring 

6.  Remove  the  six  second  clutch  plates  and  back  plate  from  the  transmis- 
sion housing  ~ 

1.   Retain  the  second  clutch  plates  in  a  pack;  do  not  mix  them  with 
other  plates      -~  -  - 

8.  Install  ring  gear*  hub  6  into  ring  gear  5  and  retain  it  with  snapring  7 

9.  Install  the  tanged  thrust  washer  into  the  Itub  of  the  adapter  housing 
(Figure  20)    .  *  ' 


FIGURE  20 


my 


10.  Install  the  rear  planetary  ring  gear  and  hub  assembly 

11.  Starting  with  an  external-tanged  plate,  alternately  install  six  external* 
tanged  and  six  internal-splined  clutch  plates 
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12.   Install  the  back  plate,  flat  side  first,  and  rgtain  it.  with  the  snapring 
(Figure  21) 


FIGURE  21 


13.  Using  first  clutch  gauge  J-26914,  check  the  clearance  between  the 
snapring  and  theack  plate  as  shown  in  Figure  9 

14.  Measure  to  see  that  the  prescribed  clearance  of  0.074  to  0.147-inch  is 
achieved 

(NOTE:  When  prescri  clearance  is  achieved,  the  first  step  of  the 
gauge  will  fit  between  the  snapring  and  the  back  plate;  the  second  step 
will  not,) 

15.  If  the  clearance  is  not  satisfactory,  measure  the  total  plate  thickness, 
and  replace  all  plates  necessary  to  satisfy  the  prescribed  clearance' 

(NOTE:  If  required;  the  back  plate  may  be  replaced  by  a  thicker 
or  thinner  plate.) 

N.    Stop  at  this  point  3nd  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  « 

INSTRUCTOR  CHECK:  Proceduref^~]safety|      |lnitials[     | ■ 
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O.    Install  the  gear  unit  with  the  following  procedure: 

(NOTE:  This  procedure  is  for  Allison  models  MT  650  and  653.) 

1.  Attach  gear  unit  lifter  J-24454  behind  the  splines  of  the  main  shaft 
(Figure  22) 

■  FIGURE  22 


P. 


2r  Be  sure  that  thrust  washer  47  is  retained  by  oil-soluble  grease  to  rear 
carrier  assembly  38 

3.  Using  a  hoist,  carefully  lower  the  gear  unit  (as  assembled  in  a  previous 
job  sheet)  into^thetransmission  housing  (Figure  22) 

4.  Engage  the  .internal  splines  of  the  rear^  planetary  carrier  assembly 
hub  with  the  splines  of  the  output  shaft,  and  the  pinions  of  the  rear 
carrier  assembly  with  the  teeth  of  the  rear  planetary  ring  gear 

INOTE:  On  Allison  models  640  and  643,  this  procedure,  after  lowering 
•  the  gear  unit  into  the  transmission  housing,  requires  engagement  of  the 
pinions' of  the  rear  planetary  carrier  assembly  with  the  teeth  of  the  rear 
planetary  ring  gear.) 

Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  praetice 


INSTRUCTOR  CHECK:  Procedure]      |safety|      [initials]  | 
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Q.'   Install  the  second  clutch  with  the  following  procedure: 

(NOTE.  Prior  to- installation  of  the  second  clutch,  be  sure  the  clutch  pack 
satisfies  the  required  clearance.) 

1.   Install  the  second  clutch  pack  into  the  transmission  (Figure  23) 
FIGURE-23 


2.  Jnstoll  second  clutch  back  plate  27 

* 

3.  Beginning  with  an  internal-splined  plate  26,  alternately  install  three 
'  plates  26  and  three  plates  25 
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4:  Install  the  snapring  to  retain  the  second  clutch  (Figure  24) 


PT 


FIGURE  24 


5.  Be  sure  the  thrust  washer  is  in  place  on  the  front  sun  gear 

Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 
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S.     Install  the  center  support  with  the  following  procedure: 

1.  Install  the  third  clutch|pistony  as  previously  assembled,  into  the  center 
•  support 

2.  Use  cpre  to  ensure  that  the  piston  sealrings  are  not  pinched  nor'dis- 
torted  when  the  piston  is  installed 

3.  Attach  center  support  lifter  J-24455  into  the  recess  between  the 
sealring  grooves  on  the  support  hub  (Figure  1) 

J.  . 

,4.  -Align  the  tapped  hole  in  the  support  (Figure  1 )  with  the  anchor  bolt  in 
the  transmission  housing '(Figure  2) 

B^^Arrange  the  gap  ot  the  second  glutch  snapring  so  it  will  beibetween  any 
-  twc^  of  the  four  tangs  on  the  second  clutch  spring  retainer  ring  22 

6.    Install  the  center  support  /a$  reassembled  in  a  previous  job  sheet)  and 
seat  it  firmly  ag&inst  the  second  clutch  snapring 
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7.  Remove  the  lifter  form  the  center  support 

8.  *  Start  a  new  3/8-16  x  2  1/4-inch  special  self-locking  bolt  and  washer  into 

the  center  support  assembly 

9.  -  Install  the  snapring,  previously  selected*to  retain  the  center  support 

10.  Place  the  snapring  gap  between  any  two  retainer  ring  tangs 

11.  Tighten  the  center  support  anchor  bolt  to  39-46  lb  ft  torque  (Figure 
•25)  ' 


FIGURE  25 


|-  CEtfTER  SUPPORT  BOLT 


12.    Install  needle  roller  bearing  assembly  16,  rollers  upward,  onto  the 
center  support  hub 

1^3.   Install  two  step-joint  sealrings  13  onto  the  bub,  and  retain  them  with 
'  oil-soluble  grease 

Stop  at  this  point  and  have  your  instructor  check  and  initial  yoijr  procedure 
andsafe^practice 


IMSTRUCTOR  CHECK:  Procedure]     |safety|   T]lnitials|  | 
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Check  third  clutch  clearance  and  install  third  and  fourth  clutches  with  the 
following  procedure: 

1.  Begin  third  clutch  assembly  and  check  by  starting  with  an  external- 
tanged  plate  as  shown  in  Figure  26,  and  alternately  install  the  three 
external-tanged  plates  and  three  internal-splined  plates  * 

(NOTE:  Pay  attention  to  the  location  of  the  three  sets  of  double 
tangs;  i.f  the  tangs  are  not  positioned  as  $hown,  movement  of  the  \ 
stationary  plates  will  occur.)  w  ' 
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2.   Install  the  back  plate  and  retain  it  with  the  snapring  (Figure  27)* 


FIGURE  27 


3.  Using  third  clutch  clearance  gaugp  J-26§16,  check  between  the  snapring 
and  back  plate 

4.  Measure  to  see  that  the  pVesc/ibed  clearance  of  0.050  to  0.1 14-inch  is 
achieved 

*  "(NOTE:  When  prescribed/clearance  is  achieved,  the  first. Step  of  the 
gauge  will  fit  between  th^  snapring  and  back  plate;  the  second  step  will 
not.)  , 


5.  "  If  thq  clearance  is  not  satisfactory,  measure  the  total  plate  thickness,  and 

replace  all  plates  necessary  to  satisfy  the  prescribed  clearance 

/  i        *■  »  » 

•  (NOTE:  If  required,  the  back  .plate  may  be  replaced  By  a  thicker 
or  thinner  plate.) 

6.  Be  sure  the  needle  bearing  race  js  in  place  on  the  rear  of  the  fourth 
clutch  housing/nub 


7..  Align  the  internal  splines  of  the  third.. clutch  plates  to  the  external 
^splinss  on  the  fourth  clutch  housing  f*-^^  *  ~v 
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8.  Grasp  the  fourth  clutchf  assembly  •  (as  reassembled  in  a  previous  job 
sheet)  bythe  spring  retainer,  and  install  it  into  the  center  support  hub 
(Figure  28) 


V.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
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) 

W.    Install  forward  clutch,  oil  pump,  and  front  support  with  the  following 
procedure:  * 

1.  Aligr^the  internal-splined  plates  of  the  fourth'clutch,  and  direct  air  into1 
•  the  fourth  clutch  apply  port  (F  igure  29) 

j4r  ~%  > 

(NOT^rThe  air  will  apply  the  .fourth  clutch  and  prevent  movement 
-   of  xyk  ctutch  plates  during  irfftallation  of  the  forward  clutch  assembly.) 


FIGURE  2i 


FORWARD-CLUTCH  , 
ASSY 


-  2.  Be  sure  the  needle  Rearing  and  race  are  securely  in  place  on  theforward 
clutch  hub  (refer/to  Figure  6  in  Job  Sheet  #10,  if  necessary)  and  the 
mating  race  is  ir/j place  on  the  hub  of  the  fourth  ctutclVhousing^Figure 
29)  / 

*  r  * 

3.>  Install  the  forward  ^clutch  assembly  (as  reasserted  in,  a  previous - 
\6b  Sheet)  while  engaging  the  fourth  clutch  hub  within  the  internal- 
splined  prates  of  the  fourth  clutch  housing  (Figure  29)- 
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4.  Make  sure  forward  clutch  assembly  is  properly  seated;  it  should  be 

approximately  1/2 -inch  behind  the  forward  edge  of  ttte  PTO  opening 
*  » 

(NOTE:  Another  check  is  to  apply  air  in' short  bursts  to  the  fourth  \ 
clutch  and  watch  the  forward  clutch  assembly  *for  an  up  and  down, 
movement;  if  the  assembly  does  not  move,  it  is  properly  seated.) 

5.  Install  Jhe  fronfcsupport  gasket  (FIGURE  30) 

FIGURE  30  i 


6.  Be  sure  the  two  searings  at  the  base  of  th^  turbine  shaft  are  h^W  in 
place  with  oil-soluble  grease  - — y  m 

'  \ 

7.  •  Install  bearing  and  race  assembly  29,  race  first,  onto  the  hub  of  support 

•assembly  23  . 

8.  Install  two  step-joint  sealrings  33  onto  the  htrb   •  m- 

9.  Retaurthe  bearing  and  sealrings  with  oil-soluble  grease  u 

10.  -Check  for  race  32,  which  must  be  at  the  front  of  the  forward  clutch 
'  housing 

1 1 .  '  Lubrrcate  the  outer  sealring  on  the  support  assembly 

12.  Install  two  3/8-16  x  6-inch  headless  cjuide  screws  J-24315-1  into  the- 
transmission  housihg 


\  •  / 
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13,  Attach  front  support  lifter  U-24473  to  the  converter  ground  sleeve 
(Figure  31) 


FIGURE  31 


14..  Align  all  holes  in  the  front  support  with  the  corresponding  holes 
ih  the  transmission  housing 

o 

15.   Index  two  of  these  holes  to  corresponding  holes  containing  the  two 
"guide  bolts  and  install  th^front  support 

16:  Iristalf  tert  of  the  twelve  3/8-16  x  3  3/8-inch  bolts  and  rubber-c<*?ered 
washers  (Figure  32} 


FIGURE  32   :  " 

•  r 


OIL  PUMP  AND  ^ 
fRONT SUPPORT  ASSY 


5/8-16  x  3  3/8  (12> 


RUBBER-COVttEO 
WASHER  02) 


ERLC 


17.   Remove  the' two  guide  bolts  ^nd 'install  the  two  remaining  support 
bolts  •  '  ' 

f 

(NOTE:  D(>  not  tightervthe  bolts  in  sequence.)  *  , 

v 
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*  * 

18.  Maintain  an  even  pull  on  the  outer  perimeter  of  the  support  by  tighten- 
ing the  first  two  bolts  180°  apart  ta  15  lb  ft  torque 

19.  Move  approximately  90°  around  thlfboit  circle  and  repeat  the  operation 

20.  Tighten  the  remaining  opposite  pairs  of  bolts 

21.  Repeat  the  entire  process,  tightening  all  twelve  bolts  to  24-32  lb  ft 
torque ' 

X.-  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure|    ~jsafetyj  |lniti^s[~| 
Y..    Install  the  low  shift  and  control  valve  bodies  with  the  folloy/itTg  procedure: 

m .  / 

.   1 .  n  Irastall  the  governor  check  ball  into  the  deep  pocke^fend  of  the  governor 
pressure  recess  (Figure  33) 


FIGURE  33. 


2.  Secure  the  range  selector  valve 

3.  Position  the  control  valve  assembly  (as  reassembled  in  a  previous 
job  sheet)  so  that  the  actuator  pin  enters  the  housing  bore  {Figure  33) 


• 
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4.   Install  the  control  valve  body  and  retaintt  with  seventeen  1/4-20  x  2 
1/4-inch  bolts  and  one  1/4-20  x  2  3/4-inch  (2  1/4  in  later  models)  bolt 


'    (NOTE:  Do  not  tighten  these  bolts  at  trifs  tin^e.) 


5.  Leave  the  bolts  sufficiently  loose  to  move  the  valve  body  for-engage- 
ment  of  the  selector  valve  and  the  installation  of  the  bracketed  jumper 
tubes  (used  on  current  models) 

6.  If  the  governor  oil  screen  was  not  discarded  during  disassembly, ^discard 
it  ('Figure  34) 

(NOTE:  Later  models  discontinued  the  use  of  the  governor  oil  screen.) 


FIGURE  34 
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♦  ; 

7.  Retain  the  oil  thrust  plate  with  two  1/4-20  x  7/8-indrbolts  (Figure 35) 
FIGURE  35 


DETENT 
SPRING 


BOLT,  1/4-20X13/4  , 
1/4-20x21/4(18) 


OIL  TRANSFER 
PLATE 


1/4-20  x  7/8  (2) 


8.  Temporarily  install  seven  1/4-20  x  2  1/2-inch  bolts  tojrtign  the  transfer 
plate 

9.  sTighten  the  two  1/4-20  x  7/8-inch  bolts  to  9-1 1  lb  ft  torque,  and 

rfyriove  the  seventemporarily  installed  bolts 

10.  Engage,  the  groove  in  theVange  selector  valve  with  the  pin  on  the 
detent  lever  (Figure  35). 

11.  Position  the  detent  spring  to  engage  a  notch  in  the  detent  lever  and 
install  one  1/4-20  x  1  3/4-inch  bolt 

12.  Tighten  the  frolt  to  9-11  lb/ft  torque 

(NOTE:, If  the  jumper  tubes  have  bolt  brackets,  proceed  with  the 
'following  step.)' 
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13.  Install  the  separator  plate  and  low  shift  valve  (as  reasserted  in  a 
*   previous  job  sheet)  onto  the  oil  transfer  plate  (Figure  36) 


FIGURE  36 


BOLT  A 


BOLT.  £ 
1/4-20x23(4(7) 


14.  Install  the  seven  1/4-20  x  2  3/4-inch  bolts  to  retain  the  low  shift  valve, 
but  do  not  tighten  the  bolts  at  this  time 

(NOTE:  The" jumper  tubes  shown  in  Figure  37  and  described  in  itfcm 
15  below,  were  used  on  earlier  models;  current  models  Use  jumper 
tubes  *  with  bolt  brackets  permanently  attached  and  are  described 
in  items  16  through  21  that  follow.) 


r 
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15.   Install  the  valve  jumper  tubes  in  the  following  sequence  by  inserting  the  • 
tube  ends*into  the  bores  in  the  valve  bodies;  drive-1,  forward  regulator, 
first  trimmer,  and  low  and  first  feed  tube  (Figure  37) 

(NOTE-:  The  forward,  regulator,  tube  is  hot  required  after  serial  number 
47284;  be  sure  each  tube  is  seated  in  its  bore  because  failure  to  seat  the 
tubes  properly  .Will  cause  interference.) 


16.  Place  each  of  the  bracketed  jumper  tubes  in  their  proper  positions, - 
inserting  the  tubes  into  their  respective  bores 

.  *  •    » 

17.  Locate  the  brackets  on  the  tubes  for  their  particular  valve  btidy  retain- 
ing bolts  *~ 

18.  Mark  the  bolts  and  oemove  the  tubes  and  their  corresponding  bolts 

19.  Install  the  tubps  in  the  same  sequence  listed  in  item  15  above 
20-  Be  sure  the  tubes  are  properly  seatedln  their  respective  bores 
21.   Install  the  bracket  retaining  bolts,  but  do  not  tighten 
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22.  Working  from  the  center  outward,  tighten  the  seventeen  1/4-20  x 
2  1/4~-inch  control  valve  body  bolts  (Figure  35),  and  one  1/4-20  x 

-2  3/4-inch  (2  1/4  on  later- models)  bolts  to  9-1 1  lb  ft  torque  k 

23.  Tighten  the  seven  low  shift  valve  body  bolts  to  9-1 1  lb  ft  torque 

•  (NOTE:  Refer  "to  the  service  manual  for  installation>crH»ontrol  vaive 
body  and  tube  adapter  for  Allison  models  640  andfi45.) 

Z.    Stop  at  this  point. and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

"  INSTRUCTOR  CHECK:  Pr5cedure[     |safety|      |j/itial?|      |  . 

AA.  .Install  the  modulated  "lockup  valve  body  with  the  following  procedure: 

1.  Install  the  modulated  lockup  valve  body  assembly  (as  reassemled^ 
in  a  previous  job  sheet)  .  v  " 

2.  Install  four  1/4-20  x  2  3/4-inch  bolts  to  retain  the  valve  body  (Figure 
38) 


FIGURE  38 


3.  Tighten  bolts  to  90 1  lb  ft  torque 

(NOTE:  This  procedure  may  be  disregarded  if. the  modulated  lockup 
valve  body  is  not  used.)"  , 
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BB.  Install"  the  oil  filter  with  the  following  prooedure  4 
1.   Install  the  oil  filter  tube  into  the.oif  filter  (Figure  39) 


2.  Install  the  sealring  onto  the  upper  end  of  the  tybe 

*  4 

(CAUTION:  When  installing  the  oil  filter,  oil  filter  tube,  and  sealring, 
care  must  be  exercised  to  prevent  twisting  the  tube  or  filter  in  any  way 
that  might  pinch,  cut,  or  deform  the  sealring^an  air-tight  seal  must  be 
maintained  to  enable  the  oil  pump  to  draw  oil  from  the  sump  free  of 
entrained  air.)  *  . 

3.  Apply  oil-soluble  grease  to  both  the  sealring  and  its  bore  in  the  trans* 
mission  housing 


V  * 
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4.  Install  the  filter  assembly  ,and  retain  it  with  one  boit*(Figure  40) 


FIGURE  40 


H|  TUBE  ADAPTER     BOLT,         X 1 1/4  (4) 

5.  Tighten  the  bolt  to  10-15  lb  ft' torque  .  . 

CC  Install  the  oil  pan  with  the^llowing  procedure:  *  9  ^ 

1.   Install  two  5/16-18  x  3-inch  headless  guide  sctews  J-3387-2jnto  the 
transmission  housing  >:  <-  . 
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2    Install  the  oil  pan  gasket  (Figure  41) 


:4 


FIGURE  41 


3.  Install  the  oil  pan  and  retain  it  with  tw%nty-one"washer-head  screws 

f   *■  \y  .  >-     "  ✓ 

%  /-  < 

4.  Remove  thd  two  guide  bolts  for  installation  of  last  two  screws 

5.  Tighten  the  screws  to  10-13  lb  ft  torque 

6.  AIJpw  the  gasket  to  set,  then  apply  5  lb  ft  torque  to  each  washer-head  - 
•  * , .     sorevy  to  ensure  a  proper  seal 


-J 


DD  Stop  at  this  poin.t  and  hav£  your  instructor  check  anc}  initial  your  procedure 
and  safe  practice  *  *  -  ^  -  ? 

5dure|      feafetyl  *   llnittalsl     1 .  . 
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EE.  Install  the  torque  converter  assembly  with  the  following  procedure: 

1.  Attach  torque  converter  lifter  J-6795^1  to  the  torque  converter-assem- 
bly (as  reassembled  in  a  previous  job  sheet)  *  .  " 

/         (NOTE:  "After  Allison  serial  number  49489,  check  to  ensure  that 
3gg?^         sealring  35  is  lubricated  with  oil-soluble  grease  and  'installed  into  its 
groove  in  pump  hub  36  before  installing  the  torque  converter  assembly; 
refer  to  parts  list  and  exploded  view  in  Job  Sheet  "#5  for  parts  identifi- 
cation.) .  w 
*■  *> 

2.  Suspend  the  torque  converter  assemb'ty  on  a  hoist  (Figure  42)r  *  ' 

.    .    -        .  •  '  '  ,  ■    '1  ■        '  ' 


FIGURE  42 


5 
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J-6795-01 


FLAT  AREA 


ASSEMBLED 
"  TORQUE 
.CONVERTER, 4 


;  :.  ■  )■  . .    ..  i . 

3.   Ipstall  Jthe  a&embly^onto,  thq'transmission  white-rotating  it  tft  engage' 
the  flats  pn  tbe  pump  hub' with  the  flats  in  the  transmission  oil  pump, 

'4,  Make  sure  the-splir\es  of  the  turbjne*hub,  withrn  Jhe^conyerter; engage  ' 
,  the  splin'es  of  the  turbing  shaft-  ;  *  * 


9 

ERLC 


JOB  SHEET#19 


When  the  converter  assembly  is  seatecl,  measure  the  distance  from 
the  transmission  mounting  flange  to  the  converter  cover  (Figure  43) 

(NOTE:  This  distance  should  be  approximately  9/16  inch;  if  the 
measurement  is  significant^  greater  than  9/16  inch,  raise  the  converter 
assembly' slightly,  rotate  it.  to  align  the  pump  hub  flats,  ad  reseat  it.) 


6.  Remove  lifter  J-6795-1,  and  install  a  retaining  strap  to  prevent  the 
torque  converter  assembly  from  moving  (Figure  44) 

7.  Keep  this  strap  in  place  until  ready  to  install  the  transmission  into  the 
vehicle 


•  4b  0 
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FF.  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  i 

INSTRUCTOR  CHECK:  Procedure|^Safety[^lnitialsQJ 

GG.  Install  output  components  with  the  following  procedure: 

1.   Install  governor  drive  gear,  slot  first,  onto  the  output  shaft  assembly 
(Figure  45)     '  J'  n  #« 

FIGURE  45  ,  jfek^tSks^ 


m 


,  \ 

2.  Engage  the  slot  in  the  drive  gear  with*  the  protruding ^jn  on  the  output 
shaft 

3.  Install  speedometer  drive  gear  2  and  sleeve  spacer  3  onto  the  output 
shaft 

(NOTE:  Refer  to  parts  list  and  exploded  view  for  parts  identification.) 

4.  Place  ball  bearing  1 6  into  the  rear  cover 
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5.  Using  rear  bearing  installer,  install  the  bearing  until  it  seats  firmly 
against  the  snapring  in  the  rear  cover  (Figure  46) 


FIGURE  46 


6.  Secure  the  bearing  with  a  beveled  snapcing  (Figure  47) 


7.  Be  sure  the  beveled  side  of  the  snapring  faces  the  rear  of  thfi  transmis- 
sFonr and  the  snaprTng~is7fully™exparided  irr^th^groWeirf  the  housing 

8.  Apply  a  nonhardening  sealer  (Perfect  Sealer  No.  4  or  equivalent) 
onto  the  outer  surface  of  the  rear  oil  seal 

9.  Place  the  seal  on  oil  seal  installer  J-24448,  sealing  lip  away  from  instal- 
ler. 
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10.  Insert  the  seal  installer  and  the  seal  into  the  rear  cover  and  drive  the  seal 
into  the  bore  until  its  rearward  surface  is  1.03  to  1.07  inch  below  the 
rear  face'of  the  cover  assembly  (Figure  48) 


FIGURE  48 


\  ■ 


1 1.  Make  sure  the  installer  seats  against  the  rear  cover  hub;  this  indicates 
the  seal  is  properly  positioned 

12.  Lubricate  and^pack,the  seal  with  a  high-temperature  grease  that  con- 
forms to  M I L-G-3545A  *  - 


V 
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13.  Place  a  dust  shield  onto  dust  shield  installer  J-24198,  concave  sjde  first 
(Fjgure49)  ,  / 


FIGUKE49 


■    •  '4 


J-24198.'  • 

■$0st-.$hVbl'd 

* 

REAR  HOUS  ING 

\      •  V-. 

14..  Drive  the  seal  into  the  rear  cover  until  it  is  flush  with,  to  0.040  jnch 

below,  the  rear  face  of  the  reaf  cover  assembly;  the  installer  should  seat 

^  ,      on  coverViub        '  -  ' 

,*  * 

HH.  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
,    and.  safe  practice  *  *  / 

INSTRUCTOR  CHECK:  Procedure  '    Safety      Initials'  .    •'  / 

II.     Install  the  governor  with  the^following  procedure: 

1, '  Install  the  governor  ififembly,  gasket,  and  cover  (Figure  19)  \ 

•2.-  Retain  .these,  components  "with,  four  5/16-18  x  9/16-inch  bolts,  and 
tighten  them  to  15-20  lb  fttorque 

JJ/  Make  a  final  ihspection  to  ensure  th&t  all  subassemblies  are  properly  reinstal- 
led and  that  the  transmission  is' ready  to  be  reinstalled  in  the  vehicle 


KK.  Stop  at  this  point  and  have  your  instructor  checlcand  initial  your procedure 
and  safe  practice  » 

INSTRUCTOR-CHECK:  Procedure]     [safetyf  |lnitialsp^|-- 
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JOB  SffEET  #20--INSTALL.AN  AUTOMATIC  TRANSMISSION 


II. 


C. 
D. 


I.      Tools  and  materials 

A.  Basic  hand  tools 

B.  Transmission  jack 
Floor  jack 
Wooden  blocks 

E,  Jack  stands 

F.  Hoist 
C    "Drop  light 

H.  Creeper 

I.  Shop  towels 
J.     Appropriate  service  nrranuaf 


'Safety  glasses 


Procedure 


'  A.    Remove  g'round  cable  from  battery  if  ndt  already  removed 

B.  Tighten  xhe  converter  drain  plug  aod  plug  in  oil  pan  to  specification 

r 

C.  Place  transmission  on  the  jack  afid  secure  the  transmission  to  the  jack 
with  a  c(iain  (Figure  1) 


FK3URE  1 


Safety  Chain_ 


Jack 
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D.  Slide  transmission  under  vehicle  and  align  into  position 

E.  Move  the  converter  and  transmission  assembly  forward  into  position 
(CAUTION:  JJse  pare  not  to  damage  the  flywheel  and  the  converter  pilot.) 

F.  Rotate  the  converter  until  the  studs  are  in  alignment  with  the  holes  in  the 
flywheel 

G.  Move  transmission  and  converter  against  the  flywheel 

* 

(NOTE:  The  converter  must  rest  squarely  against  the  flywheel;  this  assures 
'that  the  converter  pilot  is  not  bfhding  in  the  engine  crankshaft.) 


H  Install  and  tighten,  the  converter^ ousing-to-engine  bolts  tp  specification 
L*    Tighten  converter-to-flywheel  studs  to  specification 

J.'    Lower  transmission  to  engine  mounts  and  tighten  mounts  to  specification 

K.r    Rempve  the  safety  chain  from  around  the  transmission  and  remove  transmis- 
sion jack  <.  m 

k.  Connect  speedometer  cabje  to  the  transmission 

-M.  Connect  th'e  oil  cooler  lines  to  the  correct  connection    , " 

N.  Connect  the  vacuum  lines  to 'the  vacuum  diaphragrn  %  ' 

0.  Connect  the  downshift  rod  to  the  transmission  downshift  lever 

P.  Install  the  drive  shift  as  marked  in  removal  *  * 

O. ,  Remove  any  jack  stands  (if  used)  and  lower  the  vehicle  •  •  « 

R.j  Fill  transmission  to  correct  level  with  the  specified  fluid 

+  r  i 

S».  ,  Connect  the  ground  cable  to  .battery   .  . 

T.  Start  the  engine  and  shift  transmission  through  all  ranges,  then  recheck  the 
•  ,    ftuid  level  x 

Release  the  parking  brack  ancf  remove  .wooden  block  from  behind  wheels^ 


V.    Stop  at  this  point. and  have  your  instructor  check  and  initial  your  procedure 
and.  safe  practice  4  * 

i 
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AUTOMATIC  TRANSMISSIONS 
UNITV 


(I. 


JOB  SHEET  #21-TEST  AN  AUTOMATIC  TRANSMISSION  . 

Tools  and  materials  ,  •  ^ 

A.  ^  Basic  hand  tools 

B.  Torque  wrench 

C.  Oil  pressure  gauges  (high  pressure) 

D.  Clean  shop  towels  , 
•  E.  Vacuum  gauge 

F.  Air  hoses 

G.  A\t  nozzle 

H.  Converter  leak  detector  . 

I.  Appropriate  service  manual 
J.  Safety  jg  I  asses 
Procedure 
A 


Check  fluid  level 

1 .  Bring  fluid  to  operating  temperature 

2.  Place  transmission  jn  park 

3.  Operate  engine  at  idle  RPM  #  «< 

4.  Apply  parking  brake  /  , 

5.  Fluid  level  should  be  between  the  Add  and  Full  marks 
Check  transmission  fonfluid  leakagfe 

*  * 

1 .  Check  the  speedometer  cable  connection  at  the  transmission  .( 

2.  Check  leakage  at  oil  pan  gasket 

3.  -  Check  the  fluid  filler  tube  connection  at  the  transmission  ca*e  or  pan 

4.  Check  the  fluid  lines  and  fitftings  between,  the  transmission  and  the 
cooler  .  .  * 

5.  Check  for  leakage  at  the  downshift  control  \e\ier  shaft  or  the  manual 
lever  shaft  seals  t    •     ,  . .  . 

6.  Check  for  leakage  at  the  converter  „   
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C.  Check  engine  idle  speed 

"I.  'if  the  idle  speedjs  too  low  the  engine  will  run  roughly 
2.   (f  idle  speed  is  too  high  the  vehicle  will  try  to  cfeep 

D.  Check  vacuum  pressure 

,  *  ♦  • 

1.  Engine  vacuum  test 

2.  *  Remote  vacuum  test 


V 

imissi 


(NOTE:, Check  with  manufacturer's  specification  on  the  transmission 
being  worked  on  as  to  what  method  to  use.) 

E.    J^lake  vacuum,diaphragrji  test  for  leakage  (Figure  1) 
FIGURE  1 


(NOTE:  Check  with  manufacturer's  specification  for  .correct  amount  for 
.  vacuum.) 

♦ 

F.    Perform  the  stall  test  *  .  * 

T.  Start  the  engine  and  bring  transmission  fluid  'to  operating  temperature 
2.  Apply  parking  brake  and  service  brakes      •  ■ 
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3.  Place  transmission  in  drive 

* 

4,.  Operate  engine  at  full  throttle  .  1 

5.    If  engine  does  not  reach  the  recommended  RPJVI  that  is  giveYi  in  specifi- 
cation, it  is  an  indication  the  cjutch  or  bands  are  slipping 

G.    Check  governor  operation,  and  check  with  manufacturer's  specification 
for  correct  procedure* 

H/  Adjust  intermediate  band  (Figure  2) 

*  » 

1.  Loosen  lock  nut  several  turns 

2.  Using  a  special  tprque  wrench,  tighten  adjusting  screw  until  torque 
*       wrench  clicks 

f  (NOTE:  Check  -with  manufacturer's  specification  on  what  torque  to 

adjust  band  on  transmission  being  repaired,) ' 

3f  Back  off  adjusting  screw  exactly  1  3/4  turns 

4.  Hold  adjusting  screw  from  turning  and  tighten  lock  nut 
FIGURE  2  * 
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I.     Adjust  low-reverse  band  (Figure  3) 


'    1.   Loosen  lock  nut  several  turns  *  ^ 

*  '    r  *  At 

r  #  2.  Tighten'adjusting  screw  until  pre-set  torque  wrench  clicks  - 

(NOTE:  Check  with  manufacturers  specification  on  what  torque  to 
adjust  band  on  transmission  being  repaired.)  • 

\  f 

3.   Back  off  adjusting  screw  exactly  3  full  turns 


4.  Hold  adjusting  screw  from  turning  and  tighten  lock  nut 
FIGURE  3-  . 


J.     Adjust  the  manual  linkage     1  » 
K.    Adjust  throttle  and  downshift  linkage 

L    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  .  » 

INSTRUCTOR  CHECK:  Procedure]     |safety|    jlnitials|  ] 


AUTOMATIC  TRANSMISSIONS' 

UNIT  V  '  . 

JOB  SHEET  #22--MAKE  SHIFT  SPEED  ADJUSTMENTS 

-  ON  AN  AUTOMATIC  TRANSMISSION  ■  *T 

To0lsandm^terials  . 
/A,  .  Appropriate  service  manual 

B.  Manufacturer's  shift  point  chart  or  table 

C.  TesMachometer-  . 

Basic  shop  tools         -  '  • 

E.  *  Special  adjusting  tools  as  required  , 

F.  Glean  shop  towels  *  .  • 

G.  Pencil  and  paper  • 

H.  Accurate  instruments  for  checking  temperatures,  pressures,  arid  vacuums 

Procedure  ^      '      > '    '  * 

(NOTE4  The  following -procedure  ancfcillustraions  are  adapted  from  materials 
pablished  by  Detroit  Diesel  Allison,  ©  General  Motors  Corporation,  and  are 
reprinted  .with  permission;  this  procedure  may  be  modified  by  your  instructor 
to  facilitate  available  equipment.)  ^  '  •  <  *  * 

A.    Mate  the  fojlowigg  checks  before  adjusting  shift  points: 

*  • 
1.  Warm-up  the  transmissiori  or  test,  stand  setup  to  normal  operating 
temperature  (1 60°  to  220°F1  for  the  road  test 

2  "Check  the  engine  no-lbad  governor  setting,  and- adjust  if  required, 
•  to  confirm  to.the  transmission's  engine  speed  requirements  . ' 

'  .  - 

3.  Check  the  engine  for  satisfactory  performance  before  making  shift 
point  adjustments 

4.  Check  the  throttle  linkage  that  controls  the  modulator  valve  mechanical. 
*   actuator  on  the  diesel-engine  transmission  ■ 

5.  Check  vacuum  lines  for  condition  and  proper  routing  to  vacuum 
■   modulator  used  on  most  gasoline-engine  transmissions 

6.  Check  the  shift  selector  linkage  for  proper  range  sejection, 

7.  Provide  accurate  instrumentation  required  for  observing  speeds,  tem- 
peratures, pressures,  vacuum,  etc,  1 

(NOTE-  Transmission  shift  points  cannot  be  satisfactorily  adjusted 
if  the  transmission  has  the  wrong  governor  installed;  check"  transrriissidn 
serial  number  with  manufacturer's  parts ^st  for  the  governor  if  there  is 
any  doubt.)  ' 
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Make  shift  speed  adjustments  with  theYoad  jest  method  by  using  the  follow; 
ing  procedure*  , 

*  » 

1.  Before  the  road j  test,  determine  the  vehicle  Tachometer  error  with 
a  test  tachometer,  and  make  corrections  for  error 

2.  Note  the  no-load  governed  speed  of  the  engine 

(NOTE:  This  is  the  base  speed  from  \Vjiich  checks  and  adjustments 
are  made.)  * 

3.  Subtract  200  rpm  from  the^overned  tspeed , recorded,  and  record  the 
remainder  as  the  desired  Speed  for. all  automatic  upshifts,  except 
the  1-2  shift  of  the  MT  640,  643,  and  the  2-3  sjiift  of  the  MT  650 
and  653;  the  latter  two  shifts  should  occur  at  no-load  governed  speed 
less  600  rpm  ,  ^ 

4.  Drive  the  vehicle  and  check  the  engine  speed,  at  full  throttle,  at  which 
each  upshift  occurs 

(NOTE:  Each  upshift  should  occur  at  the  speeds  determined  in  step 
3.)  ^  ^ 

5.  If  an  upshift' speed  does  .riot  reach  that  specified,  the  shift  point  may  be 
raised  by  adjusting  (increasing)  the  spring  force  on  the  1-2,  2-3,  3-4,  or 
4-5  shift  signal  valves  *' 

9  6.   If  the  upshift  speed  exceeds  the  specified  rpm,  or  if  upshift  does  not 
.    occur  at  all,  the  spring  force  must  be  reduced 

7.  Adjust  the  force  on  only  the  springs  for/vaives  that  do  not  upshift  at 
. the  proper  speed 

r  (NOTE:  If  more  than  orle  shift  signal  valve^pring  requires  adjustment 
in  the  same  direction,'  it  may  be  necessary  to  adjust  the  spring  force  on 
the  modulator  valve  in  the  same  direction;  if  not  adjusted,  the  closed 
throttle  downshifts  may  be  abnormally  high  or  low  depending  on  the 
direction  the  shift  signal  adjusting  rings  were  rotated;  if  all  full  throttle 
upshift  points  are  too, low  by  approximately  the  same  amount,  check 
adjustment  on  the  modulator  external  linkage.) 

Make  shift,  speed  adjustments  using  speedometer  readings  by  using  the 
following  procedure: 

(NOTE:  When  a  tachometer  is  not  available  for  checking. shift  points,  the 
vehicle'speedometer  can  be  used.)  "  0 

-  * 

1.  Check  the  top  speed  of  the  vehicle  in  each  hold  position  and  record  the 
top  speed  for  each  . 

(NOTE;  This  would  be  first,  second,  third  gears  for  MT;  640  and  643; 
^  second,  third,  and  fourth  ge^rs  for  MT  650  and  653;  nothjrd-gear  hold 

is  available  in  MT  650  after  serial  number  13800  or  in  MT  653.) 

i  •  \ 
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2.  For  checking  the  shift  points,  place  the  selector  at  Drive  (D)  so  that  all 
automatic  shifts  can  occur  , 

'   '  } 

3.  Drive  the  vehicle  at  full  throttle- from  a  standing  start  until  the  34  (MT 
640*643)  or  4-5  (MT  650,  653,)  upshift  occurs  \ 

4.  Record  the  speed  at  which  each  upshift  occurs 

'5.  Compfere'the  upshift  speeds  with  the  hok^  speeds  recorded  earlier 
6.  Determine  adjustment  requirements  from  the  following: 

a)  The  2-3  upshift  in  the  MT  640,  643  should  occur  at  approximately, 
two  mph  below  the  top  speed  for  second  gear  ^ 

b)  The  34  upshift  should  occur  at  appoximately  two  mph  below 
the  top  speed  for  third  gear 

c)  T.he^34  and  *  4-5  upshifts  for  the JAJ  650,  653  should  occur 
approximately  two  mph  below  the  top  speeds  of  third  and  fourth 
gear,  respectively 

*  '  d)  '  The  1-2  (MT  640,  643)  and  2-3  (MT650,  653)  upshifts  are  not 
to  be  adjusted  relative  to  hold  speeds;  instead,  the  2-1  downshift 
.(MT  640,  643)  oY  3-2  downshift  (MT  650,  653)  SRould  occur,  with 
closed  throttle,  at  3  to  5  mph 

Make  shift  speed  adjustments  using  the  test  stand  method  by  using  the 
following  procedure: 

1.  Check  shift  point  specifications  as  given"  in  the  'manufpcgrer's  service 
manual 

2.  Make  all  determinations  from  output  shaft  speed*  instead  of  engine 
governed  speed 

3.  ChecKJndlvidual  output  shaft  speed  ranges  for  each  shijt 

m 

4.  Make  "shift  speed  adjustments  as  outlined  in  the  road  test  method 

i 

Stop  at  this  point  "and  have  your  instructorcheck  and  initial  your  procedure 
and  safe  practice 
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AUTOMATIC  TRANSMISSIONS 
(\  UNITV 


NAME 


N TEST      -      .  v 

M"atch  the  terms  on  the  right  wit)i  their  correct  definitions. 

 a.  A  device  Used  in  automatic  transmissions 

to  cushion  the  sh'dck  of  clutch  and  servo 
actions 


b.  A  transmission  in  which  gear  ratios  are 
changed  automatically  ' 

c.  In  an  automatic  transmission,  a.hydrau- 
lically  controlled  brake  band  installed,around 
a  metal  clutch  drum,  used  to  stof/or  permit 
drum  rotation 

d.  A  device  used  in  certain  automatic  transmis- 
sions to  control  gear  shifting  in  relation  to 
vehicle  speed 


e.  A  system  in  an  automatic  transmission 
which  produces  a  downshift  when  the  acce|,: 
erator  is  pushed  down  to  the  floorboard 

f.  A  clutch  which  has  more  than  one  friction 
disc;  usually  there  are  several  driving  discs  and 
several-driven  discs,  alternately  placed 

g.  A  valve  tf\at  opens  to  release  oil  from  a  line 
whence  oil  pressure  attains  specified  maxU 
mum  limits  ~ 

h.  A  device  in  a  hydraulic  system  that  con: 
verts  hydraulic  pressure  into  mechanical 
•movement;  it  consists,  of  a  piston  which 

moves  in  a  cylinder  as  hydraulic  pressure 
,  acts  on  it 

i.  A  valve  that  moves  to  produce  the  shifts 
from  on^ge^r  ratio  to  another  ;  

j.  A  clutch  in  which  power  can  be  transmitted 
jn  one  direction  but  not  in  the  other 


1.  Shift  valve 

2.  Power  shift 

3.  Kickdown 

%4.  Viscosity  1 

5.  P-lanetary  ge^r 
system 

6.  Transmission  oil 
cooler 

*» 

7.  One-way  clutch 

8.  Wet-disc  clutch 

9.  Multiple-disc 
clutch 

10.  Automatic  trans- 
mission 

11.  Vacuum  modulator 

12.  Band 

f3.  Governor 

14.  Accumulator 

15.  Pressure  regu- 
lator 

1*6.  Servo 


4'M 
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 k.  A  small  radiator,  mounted  separately  or 

as  part  of  the  engine  radiator,  to  cool  the 
transmission  lubricating  oil 

* 

«,  I.   A  clutch  in  which  the  friction  disc  is  operated- 

,  in  a  bath  of  oil 

m 

 m;  The  resistance  of  a  liquid^  to  flow  " 

n,  A  device  hr  automatic  transmissions  that 

*  *     modulates,  or  changes,  the  mainline  hydraulic 

pressure  to   meet  *  changing  *  engine  loads 

*  ■» 

 1o.  A  geat-set  consis^g  of  a  central  sun  .gear 

surrounded  by  two  or  more  planet  pinions 
which*  are,  in  tupp,  meshed,  with  a  ring  gear; 
-  used  in  overdrives  and  automatic  transmis- 
sions • 

 p.  A  transmission  ,  designed  to  provide  high 

speed  by  the  u?e  of  hydraulic  actuated 
clutches  operated  manually  \ 
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Shaft  Planetary 


3.  Arrange  in  order  oil  pump  and  pressure  regulator  valve  operation  by  placing  the  correct 
sequence  number  in  the  appropriate  bJank. 

 a.  As  pressure  fs  built  up*,  the  valve  rises  and  one  band  will  uncover  the  passage 

leadinq  to  the  return  line,  and  this  prevents  the  pressure  from  getting  too, 
higfvf 

 b.  While  engine  is  running,  the  pump  directs  the  oil  to  the  pressure  regulator 

valve,  then  the  oil  comes  in  around  the  lands  of.the  spool 

 c.  As  the  oil  in  the  teeth  of  th6  gears  is  carried  around  to'other  side  of  crescent, 

the  teeth  come  together,  pressure  is  created,  and  the  oil  is /forced  out  the 


 d.  The  valve  is  usually  of  the  spool  type  and,  when  there  is  no  pressure  on 

valve,  the  spring  pushes  the  valve  to  th'e  bottom  of  its»bore 

 e.  As  the  teeth  of  the  two  gears-move  apart  oil  is  drawn  in  through  an  oil 

cavitV  *         ,  - 

i 

 f.   The  oil  pump  can  create  low  flow  at  low  speed  and  high  flow  at  high  speed, 

s^>  a  pressure  regulating  valve  is  used  to  keep  pump  from  building  to  high 
flow  f 

 g.  Yhe  oil  'pump  is  Qf  the  gear  type,  and  the  crescent*  is  part  of  the  pump 

..  housing  v 

 h.  As  the  oil  flows  through  the  pressure  line,  a  small  amount  flows  through 

'an  orifice  under  the  valve     *  1 

 i.   When  .the  inner  ge^r  is  turned  by  the  converter  hub  the  outer  gear  also 

turns  .  ^ 

\, 

 j.   The  hub  of  the  converter  pump  fits  into  notches  of  the  oil  pump  and  driving 

oil  pump  when  engine  is-running* 

Select  true  statements  concerning  low  range,  high  range,  and  reverse  range  functions  in 
an  automatic  transmission  by  placing  an  "X"  in  the  appropriate  blanks. 

(NOTE:  For  a  statement  to  be  true,  all  parts  of  the  statement  must  be  true.) 

«a>   Low  range 

*  *  , 

D^The  engine  turns  the  torque-converter,  which  turns  th<j  transmission 
pump  and  input  shaft  % 

2)  Low  band  is  applied  either  manually  or^by  hydraulic  pressure  ' 

3)  Wpien-the  low  band  is  applied  the  clutch  drum  and  Idw  sun  gear  are  held 
stationary 

4)  The  input  sun  gear  is  turning  in  the  same  rotation  as  the  engine 

5)  The  input  sun  gear  is  in  mesh  with  the  long  pinion  gears,  which  are  in 
,  *        mesh  with  the  short  pinion  gears 

6)  As  the  short  pinion  gears  walk  around  the  ring  gear,  the  output  shaft  is 
connected  to  the  planetary-pinion  carrier,  which  is  rotating  with  the 
planet  gears 

 b.  High  range 

1)  Engine  tufns  torque  converter,  whid^ttfrns  oil  pump  and  input  shaft 


> 


jrns  t( 
Dahd  is 


2)  The  low  band  is  released  in  high  range 

The  forwa'rd  clutch  is  applied  which  locks  the  sun  gear  to  the  input 
shaft  „ 

4)  The  whole  planetary  gear  system  turns  as  a  unit1 
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 c.  Reverse  range  .  f  • 

1)  Engine  supplies  power  to  the  torque  converter,  whjch  turns  oil  pump 
and  input  shaft 

2)  The' low  Band  and  forward. clutch  are  released 

3)  The  reverse  clutch  is  applied  either  manually  or  by  hydraulic  pressure 

4)  *he  reverse  ring  gea/  is  held  stationary,  and  the -sun  gear  turns  the 
planet  gears  in  the  opposite  directions  '  / 

~  *    5)  Since  the  planet  carrier  is  attached  to  the  planet  gears,  it  is  turning  the 

same  direction  as  the  planet  gears  ~. 

6)  The  output  shaft  is  attached  to  the  planet  carrier  whrch  is  turning  in 
reverse 

5,  Complete  a  list  of  statements  concerning  the  characteristics  of  Automatic  transmission  *x 

fluid,  \  \ 

\'  i  \ 

a.     Automatic  transmission  fluid  Has  several  additives, such  as:        »'#    '  \ 

1.  -  index  improver        .  *  ■ 

2.  Oxidation  and  corrosion  inhibitors         '    \    •<  > 

.  3.  Extreme-pressure  and   — Agents  \  ; 


4,  Detergents 


5.   Disperse  ntj  '* 


«  * 


0  '  6.  modifiers 

— : — ^ — ;  

7.   |  -   point  depressants 

*    8.  Fluidity  rhodifiers  *  * 

b.  The   '  is  adflecf  to  fluid  so  it  Will  nol  be 

confused  with  any  other  lubricants   ^  ,  '  * 

c.  Do  not  use  a  fluid  .that  is  not  'recommended i>y  manufacturer  because  it  could 
cause  -    »-    -  .  x  ' '  « 

6.  Arrange  in  order  the  procedure  for  properly^hecking  automatic  transptesion  fluid  b.y 
,  placing  the  dbrrect  sequence  number  in  the  appropriate  blank*         /  t 

 a.  -  Leave  engine  idling  and  ^ift^  ^fansmission  into  recbmrfiehded  position 

 <b.  Opefate^ngine  until  transmissian^rays  at  normal  operating  temperature. 

^  ci  Pull  dipstick  and  check  iT*leveJxi$^£^n arrdws'or  Full  and  Add  marks;* 


adjust  fluid  level  as  necessary  '  4 

d.  Clean  all  dirt  from  around. dipsttcfoand/c'ap  '      ,      -\'.\  ■ 
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_e.  Block  wheels  and  apply  parking  brake 

f.  Pull  out  and  wipe  dipstick;  reinsert  until  cap  bottoms  on  filler  tube 

g.  Shift  transmission  through  all  ranges  at  idle  speed 


Match  in-vehfcle  transmission  tests  with  their  functions. 


a.  Warms  up  transmission  fluid  to  operating 
temperature,  and  indicates  overall  charac- 
teristics of  transmission  operation 


1,  Fluid  pressure  test' 

Z  Road  test 

3.  Air  pressure  test 

4.  Stall  test 


 b.  Indicates  the  condition  of  torque  converter 

operation  and  strength  of  hydrauttc  system 

 c.  Tests .  each  hydraulic  circuit  and  compares 

it  with  manufacturers  specifications  te- 
detect  general  problems  in  hydraulic  compo- 
nents 

 d.  Tests  each  hydraulic  component  individually 

for  pressure  leaks 

Identify  the  parts  of  the  planetary  gear  system  in  the  following  ^lustration. 
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Goirfplfcte  the  following  statements  concerning  the  planetary-gear  system. 

±  '  mcregser  and  ar 


a.  /  A  planetary  gear  system  can  act  as  a  ^ 

■  torque  reducer 

b.  The  planetary  gear  system  also  can  act  as  a  i 
.  a  torque  increaser 


reducer  and 


flow  of 


c.     The  planetary  system  can  also  act  as  a  means  to  

,  power  \, 

d'.    To  get  different  speeds  and  different  torques  and  reverse  is  made  possible  by 

applying  the   ;     rotation  to  different  gears  and       „  ; 

'   one  of  the  other  two  gears  stationary 

Match  speed,  torque,  and  directional  functions  of  an  automatic  transmission  with  ways 
they  are  accomplished.  *  ' 


1.  Speed  increased- 
\     ^torque  reduced 


2. 
3. 
4. 


Reverse    T>(i  x 

Direct  drive: 

Speed  reduced- 
torque  increased 


a.  Jf  the  sun  gear  is  held  stationary  and  the 
planet-pinion  carrier  turns,  there  is  a  speed 
\  increase  at'the  ring  gear 

 b.  If  .the  ring  gear  U  held*  stationary  and  fhe  sun 

gear  turns,,  the  planet-pinion  carrier  turns  Tn 
the  same  direction  as  the  sun  gear  but  at  a. 
slower  speed 

c.  If  the- ring  gear  is  held  stationary  and  the 
planet-pinion  carrier  turns,  there  is  a  speed* 
increase  at  the  sun  gear 

_J  d.  If  the  planet-pinion  carrier  is  held  stationary  ^ 

j  and  the  sun  gear  turns,  the  planet-pinion  acts 

*  as  an  idler  .gear  and  turns  'the  ring  gear  in 

*       -  opposite  rotation  of  sun  gear 

 ^_e.  If  the  sun  gear  is  held  stationary  and  the  ring 

gear  turns,  -there  is  a  speed  reduction  in  the  & 
rotation  of  the  planet-tfinion  carrier  ^ 

 f.   If  any  two#of  the  three  members  are  locked 

~  together,  the  whole  planetary  gear  system  is 

r  locked  out,  and  the  input  pnd  output  shaft 
turncat  theTsame  speed         *       >  . 

 g.  If  the  planet-pinion  carrier  is  hejd  stationary 

and  the  ring  gear,  turns,  the  planet  pinion  afcts  ,  ' 

as  an  idler  gear  and  turns  sun  gear  in  opposite 
rotation  of  ri'ng  gear 

Complete  the  following  list  of  tools  and  equipment  required  for  automatie.transmjs- 
sion  overhaul. 

1  < 
a.  *  1500-pound  capacity  work  ta^le      -  . 

Special  tools  as  recommended  by  manufacturer  in  service  manual 


b. 

c. 


Common  mechanic's  tools  and  shop  equipment 

1)  Snapring  pliers 

2)  
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3)  3-leg  lifting  sling  of  1/2  ton  capacity  with  90°  angle  attaching  ptates  ' 

4)  1/2  ton  capacity  hoist 

5)  Container  of  volatile  mineral  spirits  for  deaning  parts 

6)  Torque  wrenches:  100-inch  pound,  K)0-foot  pound,  and  1000-foot  pound 

7)  Hot  plate' or  heating  equipment  for  heating  bearings  or  other  interference- 
fit  parts  to  aid  assembly  •  • 


8) 


9)  Boxes/receptacles  for  parts 

10)  "Stfpply  of  wood  blocks  ■ 

'11)  Oil-soluable  grease  •  • 

-12)  Nonhardening  Sealer,  Peratex  No.  2  or  equivalent 

13)        -  r 


14)  Soft  honing  stone 
12!   Name  three  parts  normally  replaced  at  each  transmission  overhaul. 

b.  4 


—  ^TT^ 

C.  * 
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13.  Select  "  true  statements  concerning  important  elements  of  cleaning  and  inspection 
by  placing  an  MXn  in  the  appropriate  biaoks©  ^ 

 a.  All  parts  must  be  clean  toj>ermit* effective  inspection 

 b.  All  the  metallic  parts  of  the  tr^ahsmission,  except  bearings  and  friction-fgced 

clutch. plates,  should  be  thoroughly  cleaned  with  volatile  mineral  spirits  or 
by  steam  cleaning     •  %\  *  , 

 c.  Parts  should  be  dried  with  clean  rags 


_d.  Steam-cleaned  parts  should  be  oiled  immediately  after  drying 

e.  Oil  passages  should  be  cleaned  by  working  a  piece  of^soft  wire  back  and 
forth  through  the  passages  and  fttjshmg  with^minerai  spirits,  then  drying  With 
compressed  air  */  *  ^  *  * 

J.   ExaminejaM  parts,  especially  oil  passages,  after  cleaning  to  make  certain  they' 
are  entirely  clean       '  ■  *         \,  * 
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14.  Complete  the  following  statements  concerning  special  considerations  for  bearing 
inspection  and  handling. 

a.  Inspect  bearings  for  roughness  of  rotation;  replace  Bearing  Fetation  is  still'  rough 
after    ^  v  \  — 

b.  Inspect  bearings  for  scored,  pitted,  scratched, 'cracked,  on  chipped  races,  and  .for 
excessive  wear  of  rollers,or  balls;  if  any  one  of  these  defects  is  found, 


'e. 
f. 

g. 


Inspect  bearing  housing  and  sh^aft  for  grooved,  bgrred  or  galled  conditions  that 

would  indicate  the  bearing  had  been  turnj.ng_   > 

d.     Do  not  remove   .      from  new  bearings  until  ready 

to  install  them 

.Do  not  remove   in  which  new  bearings  are  packed- 

•  > 

Do  not  lay  bearings  on  a  dirty  bench;  place  tjjem  


If  assembly  is  not  to  be  ,  wrap  or  cover  the  exposed 

bearings  with  fclean  paper  or  lint-free  cloth  to  keep  dust  out 


15^Match  other.transmission  "components  with  their  inspection  requirements 

 a.*  Inspect  bores  for  .wear,  scratches,  grooves,  and 

dirt 


b.  Inspect  for  obstructions      p  *^ 

c.  Inspect  for  nicks,  burrs,  scratches,  and  foreign 
matter  , 

_d.  Inspect  for  damaged  threads 

_e.  Inspect  for  scores,  t»r$,  roundness,  sharp 
edges,  and  evidence  ofT/verheating 

f.  Inspect  for  distortion,  scores, .  burrs,  and  ( 
wear*  a  - 

g.  Inspect *  sealrings  for  cuts  and  hardness; 
replace  all  composition  gaskets  ■ 

h.  Inspect  for  scuffed,  nick^ burred,  or  broken 
teeth;  inspect  thrust  face  for  scores,  scratches, 
and  burrs 

J.  Inspect  for  stripped,  twi$ted,  chipped,  or 
burred  splines 

J.  Inspect  for  nicks,  distortion,  and  excessive 
wear 

_k.  Inspect  for  signs  of  overheating,  pe^nanent 
set;  or  wear  due  to  rubbing  against  adjacent 
parts  ~* 


1.   Oil  seals  and 
gaskets 


2.  Seal  Contact 
surfaces  % 

3.  Mounting  faces 

H.  m  Splined  parts 

5:  Cast  parts,  .  \ 
machined  surfaces 

6.  Bushings 

-  7.   Bafls  in  clutch 
.  housing 

8.  Thrust  washers 

9.  Swaged, 
interference-fit 
parts 

10.  OiLpassages 

11.  Clutch  plates 
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I.    Inspect  friction-faced  steel  plates  for  burrs.  -     12,  Springs 

embedded  metal  particles,  severely  pitted 

faces,  escessive  wear,  cone,  cracks,  distortion, 

and  damaged  spline  teeth;  inspect  steel  plates 
,    for  burrs,  scoring,   excessive  wear,  cone 

distortion,  embedded  metal,  galling,  cracks, 

breaks,  and  damaged  tangs 


13.  *  Gears 

14.  Threaded  openings 

15.  '  Snaprings 


16. 


 m.  Inspect  for  looseness^ due  to  relative  motion  w 

n.  Inspect  for  restrictions  to.  free  movement 

o.  Inspect  for  roughness,  scoring,  pitting,  or 
vi/ear  that  wiM  either  permit  oil  leakage  or 
cause  damage  to  the  seal  tf 

Arrange  in  order  the  make-ready  procedures  for^movirKj  or  installing  an  automatic 
transmission  by  placing  the  correct  sequence  number  in  the  appropriate  blank. 

 a.  Drain  the  oil  from  the  transmission  before  removing  the  .transmission  from 

the  vehicle 

\  b.  Install  a  retaining  strap  to  hold  the  converter  in  place  as  soon  as  the'  trans- 
mission is  clear  of  its  mountings 

♦ 

 >c.  Clean  the  exterior  of  the  transmission  *  k 

 d.  At  reinstallation,  all  items  should  be  reconnected;  a  transmission  jack  is, 

convenient  to  raise  the  transmission  into.moiinting  position 

e.  Fill  the  transmission  with  oil 


%  f.   Road  test  the  transmission  after  installation 

 g.  Make  sure  that  all  linkages,  controls,  cooler  lines,  modular  actuator  cable, 

temperature  connection,  input  and  output  couplings,  and  mounting  bpltsare 
disconnected  before  transmission  removal,  also  the  oil  filler  tube  and  other 
equipment  such  as  attached  parking  brake  handle 

 h!  Place  oil  lines  safely  out  of  the  wa^of  damage  and  cover  aJI  oil  line  open- 
ings to  keep  dirt  out  »       *  * 

 i.   Place  jack  or  hoist  sling  relative  to  transmission  center  of  gravity 


17. 


List  three  general  rules  for  determining  whether  to  'reus&  or  repface  a  part. 


a. 


b. 


c. 
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Demonstrate  the  ability  to:  m  ' 

«  >  • 

a.  Remove  an  automatic  transmission  from  a  vehicle.  ^ 

b.  Disassemble  an  automatic  transmission  into  subassemblies.  > 

c.  Check  end  .play  on  a  torque  converter  assembly. 

d.  Disassemble,  clean,  and  inspect  a  torque  converter  assembly. 

e.  Rebuild  a  stator  assembly. 

f.  Reassemble  a  torque  converter  assembly. 

g.  Disassemble,  clean,  inspect,  and  reassemble  a  modulated  lockup  valve  .assembly. 

h.  Disassemble,  clean,  inspect,  and  reassemble  a  low  sjiift  valve  assembly. 

I  Disassemble,  clean,  inspect,  and  reassemble  a  control  valve  body  assembly. 

j.  Disassemble,  clean,  inspect,  and  reassemble  an  oil  pump  and  front  support  asserrv 

k.  Disassemble,  clean,  inspect,  and  reassemble  a  forward  clutch  and  turbine  shaft. 

I.  Disassemble,  clean,  inspect,  and  reassemble  a  fourth  clutch.% 

m.  Disassemble,  clean,  inspect,  and  reassemble  a  center  support  assembly. 

n.  Disassemble,  clean,  inspect,  and  reassemble^a  gear  unit  and  hnain  shaft  assembly. 
* 

o.  Disassemble,  clean,  inspect,  and  reassemble  an  output  shaft. 

p.  Disassemble,.clean,  inspect,  and  reassemble  a  rear  cover  assembly. 

q.  Disassemble,  clean,  inspect,  and  reassemble  an  adapter  housing  ^and  first  dutclV. 
piston.  *  ^ 

V.  Disassemble}  clean,  inspect,  and  reassemble  a  transmission  housing. 

s.  Reassemble  an  automatic  transmission. 

t.  Install  an  automatic  transmission. 

u.  Test'an. automatic  transmission. 

v.  Make  shift  speed  adjustments  on  an  automatic  transmission. 


(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 


J 


1.  a.     14  i.  1 

b.     10-  j.  7 


g.  15  o.  5 

h.  16  p.  2 

.2.   a.  ^Torque  converter 

b.  Forward  clutch 

c.  Fourth  clutch  . 

d.  Third  clutchf 

e.  '  Second  clutch 

f.  .  First  clutch 
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Automatic  transmissions  , 

.  .unit  v    .  •       ,  * 

•  -  ,      •    v'.  \  .  J 

t  *  * 

•ANSWERS  TO  TEST 


c.  12  I?.  6  . 

d.  13  •   I.  8  ^  ,  \ 

e.  3  m.  4 

f.  9  •       n.  -  11 


3.  a.  10  ,  f.  6 

b..  8,,  g.  2 

.  c.  '$  h.  9 

d.  7  i.  3 

e.  *  4  j.  1 

4*.  a,  b,  c 

5.  a.       1.  Viscosity 

3.  Antifoam 

6.  Friction 

-     7.  Pour 

b.  Red  dye 

c.  Serious  damage  to  transmission 


7. 


a. 

4 

b. 

2 

c.  . 

7 

d. 

5 

e. 

1 

f. 

6 

g. 

3  ' 

a. 

2 

b. 

4 

c. 

1  • 

d. 

3. 

eric  .  •  ;  -  ■  ' 
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a.  Planet  gearls 

b.  Sun  gear 
\c.  Ring  gear 

d.  Shaft  to  sun  gear 

e.  Tube  to'ring  gear 

f.  Shaft  to  carrier 


9'.  a. 
b. 


c. 


Speed 
Speed 
Reverse  , 


d.;  '  Input,  holding 


10.  a.  1 

•'  •  b.  4 

c.  1 

d.  2 


.  e. 
f. 

g- 


4 

3 
2 


J  . 


11. 


12. 


c.     ^2)  Micrometer 

8)  Clean,  lint-free  shop  cloths 
13)  Crocus  cloth 


i 


Any  three  of  the  following: 

a.  Gaskets 

b.  Lockstrips 

c.  Washers  or  springs  damaged  by  removal 

d.  Oil  sealsand  piston  sealrings 


13.  a,b,d,e,f 

14.  a.     Cleaning  and  oiling 

b.  Repface  the  bearings 

c.  In  the  bore  or  on  the  shaft 

d.  The  wrapper  ♦ 

e.  The  grease 

f.  On  clean,  lint-free  cloths  or  paper 

g.  Completed  at  once 


15. 

a. 

5  . 

e. 

6 

i. 

4 

b. 

10 

f. 

8 

j. 

15 

c. 

3 

9- 

1 

k. 

12 

d. 

14- 

h. 

.  13 

I. 

16. 

a. 

1 

f. 

9 

b. 

5 

9. 

2  1 

c. 

6 

h. 

3 

d. 

7 

i. 

4 

e. 

8 

m.  9 
n.  7 
o.  2 


17.  a. 

b.' 
c. 


Minor  surface  irregularities  can  usually  be  corrected  with  a  crpcus  cloth  and  the 
part  can  be  reused 

Some  nicks,  scuffs,  and  burrs  can  be  corrected  with  a  soft  honing  stone  and 
the  part  can  be  reused 

Parts  that  cannot  be  smoothed  or  corrected  with  crocus  cloth  or  a  soft  honing 
stone  or  parts  that  are  obviously  distorted  or  excessively  worn  should  be  replaced 
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RIVE  LINES 
UNIT  VI 


unit  Objective 


After  completion  of  this  unit,  the  student  should  be  able  to  identify  parts  of  propeller  • 
shafts,  center  bearings,  and  cross  and  roller  U-joints.  The  student  should  also  be  able  to 
disassemble,  inspect,  and  reassemble  a  U-joint,  troubleshoot  other  problems  with  drive  lines, 
and  balance  a  propeller  shaft.  This  knowledgewill.be  evidenced  by  correctly  performing  the 
procedures  outlined  in  the  job  sheets  and  by.scoring  85  percent  on  the  unit  test. 

♦  • 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1 .  Match.terms  related  to  drive  lines  with  their  correct  definitions. 

2.  bist  two  characteristics  of  a  hotchkiss  drive.       *  . 

3.  Identify  types  of  propeller  shafts. 

4.  *  Identify  parts  of  a  propeller  shaft  with  slip  yoke. 

5.  Identify  parts  of  a  center  bearing.  . 

6.  Differentiate  between  constant  velocity  and  cross  and  roller  U-joints.- 
-  7.  Identify  parts  of  a  cross  and  roller  U-joint. 

8.  Select  points  on  a  drive  train  to  check  component  angles. 


9.  Select  true  statements  concerning  acceleration-deceleration  c 
with  cardon  U-joints. 

10.  Complete  a  list  of  problems  causing  drive  line  noise  or  vibration. 


1 1.  Demonstrate  the  ability  to: 


Remove  and  replace  a  propeller  shaft. 


b.     Disassemble,  inspect,  and  reassemble  a  U-joint  with  bolted  end. 


Remove  and  replace  a  cross  and  roHer  U-joint. 


d.    Align  and  time  a  telescoping  drive  line. 


Balance  a  propeller  shaft. 
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DRIVE  LINES 
UNIT  VI 


SUGGESTED  ACTIVITIES 
« 


I.  Provide  student  with  objective  sheet. 

1 1.  Provide  with  information  and  job  sheets.  9  • 

I II.  Make  transparencies. 

JV.  Discuss  unit  and  specific  objectives. 

V.  Discuss  information  sheet 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

V 1 1  Take  students  on  field  trips  to  shops  that  build  and  repair  drive  lines. 

VIII.      Have  a  representative  from  a  drive  line  manufacturer  talk  to  the  class  about  v 
modern  drive  line  technology. 

IX.      Show  film  on  drive  line  components. 
X.      Give  teat.  * 

INSTRUCTIONAL  MATERIALS 

"   I.  -    Included  in  this  unit: 

A.  Objective  sheet     *  "  ' 

B.  Information  sheet  * 
'C.  ^Transparency  masters 


1.  TM  1--U-Joint  Arrangement 

•  y  - 

2.  TM  2~Hotchkiss  Drive  • 

3.  '  TM  3--Propeller  Shaft  With  Shift  Yoke  " 

4 

4   tm  4-Propeller  Shaft-Coupling  Shaft  and  Center  Support  Bearing 

5.  '  TM  5-Propeller  Shaft-Coupling  Shaft  Without  Center  Bearing 

6.  TM  6-Telescoping  Propeller  Shaft  Components  , 
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7.  TM  7-Types  of  U-Joints 

8.  TM  8--Point  on  Drive  Train  to  Check  Component  Angles 

9.  TM.  9--Acceleration-Deceleration  in  a  Cross  and  Roller  Propeller  Shaft 


D.  Job  sheets 

1.  Job  Shget  #1--Disassemble,  Inspect,  and  Reassemble  a  U-joint  with 
Boltecl  End  Caps  ^ 

2J  Job  Sheet  #2- Remove  and  Replace  a  Propeller  Shaft 

 • —  s  « 

3.  Job  Sheet  #3~Remove  and  Replace  a  Cross  and  Roller  U-joint 

4.  Job  Sh£et  #4  -Align  and  Time  a  Telescoping  Drive  Line 
-    5.  Job  Sheet  #5-Balance  a  Propeller  Shaft 

E.  Test 

F.  Answers  to  test 
References: 

A.  Fundamentals  of  Service;  Power  Trains.  Moline,  JL  61265;  JohfiDeere 
**  Service  Publications,  Dept.  F,  1972.  " 

B.  Truck  Talk.  Chicago,  IL  60611:  International  Harvester  Co.,  1977. 

C.  Eaton  Truck  Components  Drive  Line  Angles.  Kalamazoo,, Ml  49007:  Eaton 
Corporation;  fransmissron  Division,  1979. 

D.  Truck  Se'rvice  Section,  Diagnosing  Drive  Train  CT  237.  International  Har- 
vester Co.,  1977V 

E.  Ford  Truck  Shop  Manual  Volume  One.  Dearborn,  Ml:  Ford  Motor  Co., 
1968.  * 
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DRIVE  LINES 
UNIT  VI 


INFORMATION  SHEET 


l.      Terms  and  definitions  •  V 

A.  Parallel  U-joint  arrangement-All  companion  flanges  Or  yokes  in  the  drive 
line  are  parallel  to  each/other  with,  working  angles  of  the  joints  equal  and 
opposite  (Transparency^) 

B.  Broken  back  afrangement-The  working  angles  of  the  joints  are  equal,  but 
the  yokes  are  nonparallel  (Transparency  1 )  ^ 

•  C.  Universal  joint~A  flexible  coupling  that  Wmits  a  driving  shaft  to  operate 
between  two  power  train  units  that  are  not  in  perfect  alignment  with  each 
other  and  are  subject  to  movement 

(NOTE:  When  installed  on  a  propeller  shaft,  the  universal  joint  allows, 
the  shaft  to  rotate  through  an  anglel) 

yf  o.    Propeller  sh§ft~Shaft  that  connects  two  units,  of  the  drive  train  to  propel 
"vehicle*  -  • 

E.  6rh/e  line^Driving  connection  made  up  of  one  or  more  propeller  shaft* 
*       between  two  or  more  units  of  thedrive  train  ♦ 

F.  Constant  velocity  U-joint-Two  closely  coupled  cross  and  roller  U-joints 
arranged  so  that  their  acceleration-deceleration  effects  cancel  each  other, 
resulting  in  output  propeller  shaft  speed  identical  to  input  speed 

/ 

G.  Slip  joint-Variable-length  connection  at  one  end  of  a  propeller  shaft  that 
*  allows  the  shaft  to  vary  in  length 

(NOTE:  The  propeller  shaft  has  to  vary  in  length  due  to  movement  of  drive 
train  components.) ,  .; 

H.  Cardon  joint-Cross  and  roller  U-joiijt 

j  « 

(NO^E :  Cardon  joint  is  also  called  hooke  joint) 

I.  Whirl-Prppeller  shaft  runout  6r  unbalance  condition  causing  the  shaft 
to  arc  similar  to  the  looping  action  of  a  rope  held  at  both  ends  and  swung  in 
'an  arc  ' 

(NOTE:  Whirl  can  be  caused  by  fuhiing  propeller  shaft  at  too  high  an 
R.'RM.  for  the  size  of  the  shaft,) 

.  J;     U-joint  timing-Procedure  of  aligning  the  yokes  of  a  propeller  shaft  parallel 
to  feach  other  *  > 

(NOTE:  U-joint  timing  is  sometimes  called  phasing! 
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K.  Center  support  bearing--A  bearing  and  mount  assembly  used  to  support 
the' rear  of  a  drive  shaft  when  two  or  more  drive  shafts  are  used  (Transpar* 
ency  4) 

(NOTE:  The  center  support  bearing  is  also  called  center  bearing,  midship 
bearing,  or  carrier  bearing.) 

Characteristics  of  a  hotchkiss  drive  (Transparency  2) 

A.  Open  U-joints 

B.  Exposed  drive  line  - 

(NOTE: Closed  or  torque-tube  drives  formerly  u^ed  on  some  passenger 
cars  are  practically  nonexistent  now;  the  open  hotchkiss  drive  is  much 
easier-  to  maintain  and  repair  and  improves  the  operational  characteristics 
of  the  drive  train  components.)  ***** 
Types  of  propeller  shafts  (Transparencies  3,  4,  5,  and  6) 

A.  Coupling  shaft  and  center  support  bearing 

B.  Propeller  shaft  witfi  slip  yoke 

C    Coupling  shaft  without  center  bearing 

(NOTE:  The  coupling  shaft  is  used  between  transmission  and  auxiliary 
transmission.) 


D.    Telescoping  propeller  shaft 
IV.      Parts  of  a  propeller  shaft  with  slip  yokeTTransparency  3) 


A.  Flange  yoke 

B.  A  Journal  and  bearing 

C.  Sleeve  yoke 

D.  *5lip  stub  shaft  / 

E.  Tubing 

F.  Stub  yoke  ^ 

% 

G.  End  yoke 
W!  Slip  U-joint 

L     Permanent  U-joint 

Parts  of  a  cente>  bearing  (Transparency  4) 

A.  Bearing 

B.  Rubber  support 
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♦    INFORMATION-SHEET         *  . 

C.  Retainer* 

D.  Support* 

Types  of  U-joirrts  (Transparency  7) 

A.  *  Constant  velocity  (cross  and  roller  type)  '  » 

B.  Cross  and  roller  (cardon)  ■ 

Parts  of  a* cross" and  roller  U-joint  (Transparency  7) 

A.  Bearing  cap  " 

B.  Yoke  v 

C.  Spider  (cross)  -  > 

D.  Lock  plate 

Points  on  arrive  train  to  check  component  angles  (Transparency  8) 
A.    Machined  pad  on  rear  of  transmission 
~fr.  *  Coupling  drive  shaft  on  clean  tubing  section 

C.  *  F/ont  yoke  or  flange  of  auxiliary  transmission 

D.  /Front  yoke  on  forward  rear  axle  s  i^^J 
)lnteraxle  drive  line  on  clean  tubing 

F.  *  Front  yoke  of  rear  rear  axle 

Acceleration-deceleration  of  propeller  shaft  with  carbon  U-joints 

A.  Input  side  of  U-joint  turns  at  constant  r.p.m.  (Transparency  9) 

B.  Output  of  U-joiKt  accelerates  and  decelerates  two  times  during  one  revolu- 
tion of  the  shaft  (Transparency  9) 

\  "      •  ~ ' 

C.  The  greater  the  U-joint  angle  the  greater  the  effect  will  be  \^ 

Problems  causing  driyje  line  noise  or*vit?ration 

A.  Out  of  .balance  emergency  brake  drum  on  rear  of  transmission  or  auxiliary 

B.  Lack  of  lubrication  in  the  U-joints 

C.  Worn  U-joint  bearings  , 
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D.  Bind  in  sfip  yoke 

E.  Sprung  or  damaged  drive  shaft 
F\  Missing  balance  weight 

G.  Drive  shaft  U-joint  out  of  time 

H.  Foreign  material  on  drive  shaft 

I.  Loose  or  wofn  engine  mounts 
J'.  Loose  or  worn/ear  suspension 
*KT  Excessive  drt*fc,shaft  angles  . 


U-Joint  Arrangement 


Parallel  Arrangement 


Broken  .Back  or  Nonparallel  Arrangement 

Courtesy  Eaton  Corporation 

514    ,  • 


Propeller  Shaft  with  Slip  Yoke 


Range  Yoke  Slip  Stub^Shaft 

Journal  &  Bearing 

Sleeve  Yoke 


Stub  Yoke 


,  i 


■  c 


End  Yoke 


Slip  U-Joint 


-Permanent  U-Joint^ 
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,      Courtesy  DEERE  &  C<t.,  MOLINE,  IL 
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-X) 

on 

,  CO 


Propeller  Shaft-Coupling  Shaft 
and  Center  Support  Bearing 


Coupling  Shaft 


Rubber 
Support 


Retainer 


Bearing 


Rear  Flange 
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Courtesy  Ford  Motor  Company 
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Propeller  Shaft-Coupling  Shaft  Without  Center  Bearing 


\~s  *w 


Telescoping  Propeller  Shaft  Components 


it* 
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6oupling  Shaft 


Front  Yoke 


Center 
Support 


U-Joint 
Knuckle 


Driveshaft 


523 


Shafts  must  be  assembled  with  these* 
yokes  in  (phase)  line  as  shown. 


*  Courtesy  Ford  Motor  Company 
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Types  of  U-Joints 
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Constant  Velocity 


/ 


Cap  Screws 


Gross  and  Roller  (Cardan) 


M  7 


Points  on  Drive  Train  to  Check  Component  Angles 


Bubble  Protractor  0°  -  Ground  Level 


A"9e1    Angle  2    Angle  3 


in  Transmission  Angle 


Angle  4 


Angle,  5        Angle  6 
Angle  F— J       y—Angle  G 


Inter- 
Main  Transmission 
Transmission      .  Shaft 


Auxiliary 
Transmission 


Forward 
Rear  Axle 


Inter-Axle 
Driveshaft 


Rearward 
Rear  Axle 
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Acceleration  -  Deceleration 


in  a  Cross  and  Roller  Propeller  Shaft 


Turning  Radius  Changes  as  Joint  Rotates 


2600 
2400 
2200 


360° 


Graph  of  a  Cross  and  Roller  U-Joint  Speed  Change  with  the 
Joint  Operating  Through  a  30°  Angle  at  2000  rpm  Input. 
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JOB  SHEET  #1--REMOVE  AND  REPUTE  A  PROPELLER  SHAFT 

Tools  and  equipment  J 

A.  Floor  jack 

B.  Jack  stands  " 

C.  Basjc  hand  tool  set 

D.  "Soft  hammer  „ 

E.  ■  Torque  wrench  and  adapter 

F.  Creeper 

G.  Safety  glasses 
Procedure 

A.    Jack  up  rear  of  vehic)e  and  place  jack  stands  urjlder  frame 

(L  Mark  all  joints  and  yokes  with  a  center  punqhto  retain  balance  and  phasing 
i      (Figure  1) 

FIGURE  1 


Pinion  Flange 


Center  Punch  Marks 


Center)  Piinch  Marks 


C.  Remove  propeller  shaft  attaching  bolts  ,  t 

!  (NOTE:  Study  the  propeller  shaft  to  determipelibw  it  is  fastened,) 

D.  I  Remove  the  center  support  bearing  if  a  two-piece  propeller  shaft  is  used 

i(NOTE:  Check  between  center  support >and  frame  for  shims.  If  shims  are 
used,  they  must  be  replaced  when  propeller'shaft  is  reinstalled.) 


*      JOB  SHEET  #1 

\^  • 

Remove  propeller  sha,ft  from  vehicle  * 

(NOTE:  Tape  U-joint  rollersto  prevent  loss  of  needle  bearings.  See  Figure  2. 
The  slip  yoke  should  also  be  protected  to' prevent  damage  during  removal.) 


FIGURE  2 


( 


Tape  Rollers  On 


Protect  This  Area 


\ 


(CAUTION:  When.removing,  replacing,  or  servicing  a  propeller  shaft,  careless 
\  handling  can  damage  theshaft  and  IJ-joints.)  " 

eryice  propeller  shaft 


G.  \Reinstall  propeller  shaft 

{}  Place  in  poskic/n  and  check  alignment  marks 

(NOTE:  All  mounting  surfaces  should  be  clean  and  free  of  nicks'before 
^assembly.), 

2.  Position  all  fasteners  correctly  and  tighten  evenly 

3.  Replace  fasteners  in  center  support  bearing  if  used 

.  (NOTE:  Replace  shims  between  frame  and  support  if  used.) 

4.  Torque  all  fasteners  to  manufacturer's  specifications 

H.  Jack  up  rear  of  car  and  remove  jfcck  stands  . 

.  I.     Lower  vehicle\to  floor  * 
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'  JOB  SHEET  #2--DISASSEMBLE,  INSPECT,  AND  REASSEMBLE 
,  A  U-JOINT  WITH  BOLTED  END 

Tools^and  materials . 
♦A.    Basic  hand  toot  set 

B.  Creeper 

C.  Shop  towels 

D*    Cleaning  material 

E.  Chock  blocks-   "  *       '     .  a 

F.  Hydcatriic  jack 

G.  Jack  stands 

H.  Safety  glasses  '  ^ 
Procedure 

A.    Remove  propeller  shaft  with  bolted  end  caps 

1 .  Jack  up  rear  of  vehicle  if  necessary 

2.  Place  jack  stands  under  rear  axle  or  frame^ 
(CAUTION:  Wear  safety  glasses  when  under  vehicle.) 

3.  Bend  tangs  of  lockplates  away  from  capscrew  heads  (Figure  1) 
FIGURE  1  "  l< 
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JOB  SHEET  #2   •  ' 

4.  Remove  capscr^vs  and  lockplates 

5.  Remove  bearing  caRs  from  flange  and  spider 


(NOTE:  If  caps  have  to  be*driven  out!  with  a  hammer,  be  careful. not 
to  damage  flange  or  prop  tube.}  ^  ^ 


B.     Inspect  U-joint  with  bolted  ends 
1.  Clean  all  U-joint  pa^rts 


2.  Check  bearing  journals  for  evidence  of  wear  or  heat  damage;  also 
check  ends  of  crosses 

3.  Make  sure  lubricant  passages*in  cross  are  clean 

4.  Check  for  missing,  worn,  or  damaged  needle  bearings 

5.  Apply  recommended  lubricant  to  rollers  in  caps 

6.  Turn  caps  on  journals  to  check  for  wear 

(NOTE:  If  any  parts  are  worn  or  damaged,  replace  with  new  parts.)' 
Install  U-joint  with  bolted  ends 

1 .  Position  the  needle  bearing  in  the  bearing  caps 

2.  ,  Place  spider  in  yokes  on  propeller  shaft 

3.  Install  bearing  caps  through  the  yokesand  onto  the  spldpr 

4.  Install  lockplates  and  capscrews 

r 

5.  Position  spiders  through  yokes  on  drive  train  units 

6.  Install  bearing  caps  . 

.  (NOTE:  Take  care  not  to  damage  bearings  when  installing  caps.) 

7.  Install  lockplates  and  caps 

8.  Lubricate  both'  U-joints 


^  '*  'i 
^  ^  J 
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JOB  SHEET  #3»REMOVE  AND  REPLACE  A  CROSS  AND  ROLLER  U-JOINT 


I.  Tools  and  equipment 

A.  Basic  hand  tool  set  **'• 

B.  Soft  hammer  *  * 

C.  Brass  punch  .  ^ 

D.  Vise 

E*    Safety  glasses 

II.  Procedure  s 

A.    Mark  all  parts  'with  a  center  punch  so  the  parts  may  be  reassembled  in 


the  same  positions  (Figure  1) 


FIGURE  1 


J  \ 


Center  Punch  Marks 


(NOTE:  It  is^very  important  to  align  the  propeller  shafts  parts  A  .and  B 
when  reassembling  the  two  shafts.)  %  . ,      •  ( 
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JOB  SHEET  #3 


B.    Remove  snap  rings  or  retainer  plates  and  grease  fittings  as  required  (Figure  2) 

{CAUTION:  If  the  propeller  shaft  is  held  in  the  vise  while  removing  the 
Snap  rings,  do  not  bend,  overtighten,  or  scar  the  shaft  with  the  vise.) 


FIGURE  2 


C.  Place  a  small  socket  against  one  roller;  plaqe  a  large  socket  against  the 
yoke  on  the  opposite  side  (Figure  3) 

/ 

D.  Place  in  a  vise  and  close  the  vise  jaws  until  the  roller  assembly  is  pressed  out 
of^he  yoke  (Figure  3) 

(CAUTION:  Be  sure  the  large  socket  has  enough  room  to  allow  the  roller 
to  enter  without  wedging  in  the  socket;  and  do  not  .use  a  hammer  to  install 
bearings.) 

FIGURE  3,    '     ,  ^ 


Small  Socket 


Large  Socket 
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JOB  SHEET  #3 


(NOTE:  Remove  roller  with  pliers  oV  soft  hammer.  See  Figured) 


FIGURE  4 


F. 


Place  small  socket  on  remaining  roller;  place  the  large  socket  against  the 
yoke  bn  the  opposite  side 

(NOTE:  Use  caution  to  avoid  damaging  seal  shields.) 

Place  in  a  vise  and  close  the  vise  jaws  until  the  roller  assembly  i$  pressed  out 
of  the  yoke-  4 


(NOTE:  Refer  to  Figiiire  3.) 

G,  Remove  roller  with  pliers  or  soft  hammer 
(NOTE:  Refer  to  Figure  4.) 

H.  Remove  the  cross  from  the  yoke  (Figure  5) 
FIGURE  5 


Tip  Cross  and  Remove  from  Yoke 
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JOB  SHEET  #3 
I.     Remove  other  rollers  using  the  same  procedure 

J.'  ;  Inspect  cross  trunnions -for  excessive  v^earr  corrosion,  or  grooving;  check 
all  needle  bearings  for  chippirtg4or  breakage 

(NOTE:  If  the  components  are  not  worn,  they  may  be  correctly  lubricated 
and'  reused  .If  there  is  any  sign  of  wear,  install  a  new  U-joint.) 

K.  '  Reassemble  the  U-jojnt*  -  ., 

1.  Place  the  cross  in  tn^  propeller  shaft  yoke  (Figure  6) 


FIGURE  6 


Slip  Joint  Yoke 


2.  On  U-joint  withgrease  fittings,  the  fitting  should  be  positiortiecton  the 
propeller  shaft  side  to  allow  clearance  for  lubrication  after  installation 

X 

(NOTE:  It  provides*  a  welcome  service  convenience  when  all  grease \ 
,  fittings  are  in  line.) 


')  7 
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.     JOB  SHEET  #3 

2.  Slide  the  cross  to  one  side  and  start  a  roller  over  the  cross  bearing 
race  (Figure- 7)  ... 


3.  Start  the  roller  ip  the  yoke  eye  (Figure  7) 


FIGURE  7 


4.  Place  U-join*  in  a  vise  and  press  the  roller'into  the  yoke  eye  (Figure  8) 


(NOTE:.  Be  sure  to 'keep  the  cross  in  the  roller  bearings  to  prevent 
the  bearings  from  loosening  or  getting  out  of  their  proper  position.) 


FIGURE. 8 
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5.  Install  the  snap  ring  into  the  roller  groove  or  yoke  eye  groove  according 
to  the  type  of  U-joint  . 

6.  Slide  the  cross  slightly  out  of  the  roller  so  that  the  opposite  roller  can 
be  started  on  the  cross  bearing  race  ( F  igure  9) 

FIGURE  9 


7.  Place  in  a  vise  and  press  the  roller  into  the  yoke  eye  sufficiently  to 
install  the  snap  ring  (Figure  10) 

FIGURE  10 
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8,  Replace  remaining  U-joint  rollers  using  the  same  procedure;  install    * , 
remaining  §nap  rings 

3/  Strike-yoke  to  seat  rollers  against  the  snap  rings  and  to^position  the 
cross  (FigurejU)  * 

(NOTE:  Make  sure  the  U-joint  is  not  binding  throughout  its  range  of 
movement)  '  ^ 


FIGURE  11 
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JOB  SHEET  #4--ALIGN  AND  TIME  A  TELESCOPING  DRIVE  LINE^ 


Tools  and  equipment 

A.  .  Spirit  level  protractor,  or  magnetic  base  protractor  * 

B.  Basic  hand  tool  set  \ 

C.  Chock  block  -  ' 

D.  .Creeper 

E.  Safety  glasses  *   

F.  Vehicle  manufacturer's  service  manual 
Procedure 

A.    Take  degree  reading  of  transmission  . 
*   1.  Place  vehicle  on  level  floor  s  •  -  . — 

2.  Place  protractor  on  machined  pad  of  engine  or  transmission 

(N0^£:  It  is  important  that  this  pad  be  one  which  is  parallel  or  per- 
pendicular to  the  engine-transmission  center  line.  Make  sure  that 
surf  age  is  clean  and  smooth,^ 

3.  Recbrd  reading  on  Figure  1,  Angle  one  J 


JOB  SHEET  #4 
FIGURE  1 


Bubble  Protractor  0°  -  Ground  Level 


Inter  - 

Main"  Transmission 
Transmission  Shaft 


Auxiliary 
Transmission 


Forward 
Rear  Axle 


Inter-Axle 
Driveihaft 


Rearward 
Rear  Axle 


5  *w  - 


Courtesy  Ford  Motor  Company 


513 


PT-603 


JOB  SHEET  #4 


B.    Take  degree  reading  of  intertransmission  shaft 

£  1.  Clean  foreign  material  from  shaft 

2.  Takfe  reading  from  flat  surface  of  shah  or  tubing  parallel  to  center 
line  of  shaft 

 & — Record  reading-on-Eigure  1,  Angle  two 


C.    Take  degree  reading  of  auxiliary  transmission 

1;  Remove  front  or  rear  U-joint  from  auxiliary  transmission  yoke 
(NOTE:  Remove  the  U-joint  that  is  the  easiest  to  remove.) 
.    2.  Take  reading  from  U-joint  yoke  (Figure  2) 


Courtesy  Ford  Motor  Company 


3.   Record  reading  on  Figure  1,  Angle  3 

(NOTE:  While  U-joint  is  removed,  make  physical  inspection  of  U-joint 
and  make  necessary  corrections.) 

*D.    Take  degree  reading  on  front  rear  axle 

1.  Remove  input  shaft  U-joint  from  yoke  on  front  rear  axle  or  find  a 
machined  pad  perpendicular  or  parallel  to  center  line  of  input  shaft 
on  differential  or  axle  housing 

-   -  i 

2.  Take  degree  reading 

3.  Record  degree  reading  on  Figure  1,  AngJe  4 
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E.    Take.degree  readi  lg  of  interaxle  drive  shaft 


\ 


n  drive  shaft  tubing  of  foreign  material 


1.  Clean  spot  o 

2.  Take  degree  reading  on  clean  spot  of  drive  shaft  tubing 

 3: — Record- reaping  on  Figure  1,  Angle  5  —  

F.  Take  degree  reading  of  rear  rear  axle 

1.  Remove yfnteraxle  drive  shaft  U-joint  from  input  shaft  yoke  or  find, a 
machinal  pad  on  differential  or  axle  housing  parallel  or  perpendicular 
to  center  line  of  input  shaft" 

2.  Take  degree  reading 

3. -  Record  reading  on  Figure  1,  Angle  6 

G.  Locating  points  of  drive  train  misalignment 

1.  Compare  recorded  degrees  (Figure  1) 

2.  Any  unit  varying  more  than  lA  to  l/i  from  engine-transmission  (except 
rear  rear  axle)  is  misaligned  — 

H.  Intertransmission  drive  line  and  auxiliary  transmission  for  misalignment 

1.  Correct  intertransmission  drive  line  angle  by  moving  auxiliary  transmis-  e 
sion 


(NOTE:  If  intertransmission  drive  line  angle  is  less  than  engine  angle, 
the  auxiliary  transmission  will  Have  to  be  lowered  until  angle  isccorrect; 
if  the  drive  line  angle  is  more  than  transmission  angle,  the  auxiliary 
transmission  will  have  to  be  raised,  and  when  relocating  auxiliary, 
make  sure  to  keep  auxiliary  angle  the  same  as  transmission  angle.) 

2.  Correct  auxiliary  transmission  angle  by  raising  or  lowering  front  or  rear 
of  auxiliary  with  shim'under  mounts 

J.     Correcting  front  differential  for  misalignment 

1.  If  front  axle  angle  is  more  than  transmission,  add  shims  under  rear 
torque  arm  mount  at  cross  member 

2.  If  front  axle  angle  is  less  than  transmission,  remove  shims  from  under 
torque  arm 
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JOB  SHEET  #4 


K.    Correcting  alignment  Qf^rear  rear  axle  and  interaxle  drive  line 

1 .  I  nteraxle  drive  line  has  broken  back  angle 

2.  Working  angles  have  to  be  equal  (Figure  3) 


(NOTEt  ir  front  differential -is  3°  and  fnteraytrtfrlve  line  is  T&Tsatp- 
tract  7.5°-  3*=  4.5*  then  add  7.5°  +  4.5°  =  12°.  The  rear  rear  axle  angle 
would  have  to  be  12°  Va  to  Vi0.) 


7.5# 

4.5*  WORKING 
ANGLE 


12* 
-7.5*  , 
4.5"W0RKING  , 
ANGLE 


Courtesy  Eaton  Corporation  ' 

L    Time  telescoping  drive  line 

**  *  ^ 

1.  (Vlake  sure  all  drive  lines  are  in  time    "         •  " 

2.  Drive  lines  are  in  time  when  thfe  yoke's  on  both  ends  are  in  the  same 
plane  '*'K. 
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JOB  SHEEJ  #5--BALANCE-  A  PROPELLER  SHAFT 

v  * 

*  V 

Tools  and  equipment  1 

A.  .Hose  clamp'  (slightly  largerthan  propeller  .shaft)  4> 

B.  Chalk,  crayon,  or  pencil 

C.  Jack  stands,  5  ' 

D.  Floor  jack 
(NOTE:  Use  a  twirvpost  hoist  if  available.) 

E>    Basic  hand  tool  set  - 

F.  Safety  glasses  ^ 

G.  _  Small  strips  of  steel  for  weights  (1/8"  X  1/2"  X  1") 

H.  Weldjna  equipment  as  required  * 
Procedure  * 


(NOTE:  If.  a  balance  problem  exists,  the  propeller  shaft  should  be  cleaned  of 
build-up  of  foreign  materiajs  and  checked  to  determine  if  any  balance  weights 
have  been  lost  and  that  the* shaft  is  properly  installed.  Road  test  after  cleaning.  If 
the  problem  still  "exists,  disconnect  the  propeller  shaft  from  the  pinion  and  rotate 
180  degrees.  Reconnect  propeller  shaft  and  road  test  again.  If  the  problem  still 
exists,  balance  the  propeller  shaft  Using  the  following  procedure.) 

A.  Place  the  vehicle  on  jack  stands  so  that  the  rear  of  the  vehicle  is  supported 
on  the  rear  axle  housing  with  the  wheels  free  to  rotate 

B.  Set  a  jack  stand  approximately  1  inch  (25:4  mrri)  from  the  propeller  shaft 
(Figure  1) 

C.  Start  the  engine  and  rotate  the  propeller  shaft  at  40-50  mph  (65-80  km/h) 


**** 
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D,  Mark  the  propeller  shaft  by  carefully  bringing  the  crayon  or  pencil  up 
until  it  just  barely  contacts  the  rear  end  of  the  spinning  propeller  shaft 
(Figure  1)  m 

•*  (CAUTION:  Avoid  contact  with  the  spinning  shaft  and  tires/ While  marking 
the  shaft,  avoid  areas  where  balance  weights  are  located  because  they  could 
injure  your  hands.)  ^ 


FIGURE  1 


Use  Support  Stand 
as  a  Steady  Rest 


(NOTE:  The  mark  made  by  the  crayon  or  pencil. will  indicate  the  h^avyside* 
erf  the  shaft.) 


\ 


"E.    Turn  off  the  engine 

F.  Install  one  screw  type  hose^clamp  on  the  rear  of  the  propeller  shaft  so 
that  the  screw  head,  is  18(3  degrees  from  the  mark  on  the  propeller  shaft 
(Figure-2) 


FIGURE  2 


\ 


Clamps  180°  from 
.Chalk  Mark  * 


1? 
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JOB  SHEET  #5 


G.  Tighten  clamp  securely 

H.  1  Run  the  vehicle  up  to  40-50  mph  (104-112  km/h)  speedometer  reading  or 

range  of  vibration  ,    .  . 

(NOTE;  jf  no  vibration  is  felt,  road  test  the  vehicle  asSia  final  test.  If  vibra-^ 
tion  still  exists,  proceed  as  follows.) 

I.  Ijistall  heavier  Weight  under  hose  clamp  screw 

J.     Continue  to  add  weight  and  test  until  vibration  Js  eliminated 
K.    Weld.weights  to  shaft  being  careful  not  to  overheat  shaft  J 
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NAME 


TEST 

Match  the  terms  on  the  right  with  their  correct  definitions. 


a.  All  companion  flanges  or  yokes  in  the  drive 
line  are  parallel  to  eaclvother  with  working 
angles  of  the  joints  equal  and  opposite 


b.  The  working  angles  of  the  joints  are  equals 
but  th§  yokes  are  nonparallef 

c.  A  flexible  coupling  that  permits  a  driving 
shaft  to  operate  between  two  power  train 
units  that  are  not  in  perfect  alignment  with 

—each  other  and  are  subject  to  movement 

d.  Shaft  that,  connects  two  units  of  the^  drive 
train  to  propel  vehicle 

e.  Driving  connection  made  up  of  one  or  more 
propeller  shafts  between  two  or  more  units 
ofthe  drive  train 

f.  Two  closely  coupled  cross  and  roller  U-joints 
arranged  so  that  their  acceleration- 
deceleration  effects  cancel  each  other,  result- 
ing in  output  propeller  shaft  speed  identical 
to  input  speed 

g.  Variable-length  connection  at  one  end  of, 
a  propeller  shaft  that  allows  the  shaft  to  vary 
in  length  • 


h.  Cross  and  roller  U-joint 


i.  Propeller  shaft  runout  or  unbalance  condition 
causing  the  shaft  to  arc  similar  to  the  looping 
action  of  a  rope  held  at  both  ends  and  swung 
in  an  arc 

j.  Procedure  of  aligning  the  yokes  of  a  propeller 
shaft  parallel  to  each  other 


1.  Slip  joint  . 

2.  Parallel  U-joint 
arrangement 

3.  Center  sCipport 
bearing 

4.  Universal  joint 

5.  U-joint  timing 

6.  Propeller  shaft 

7.  Drive  line 

8.  Cardon  joint  ^ 

9.  Broken  back 
arrangement 

10.  Constant  veloc- 
ity p-joint 

11.  Whirl  . 


k.  A  bearing  and  mount  assembly  used  to 
support  the  rear  of  a  drive  shaft  when  two 
or  more  drive  shafts  ar^  used 


V 
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List  two  characteristics  of  a  hotchkiss  drive. 

a.    b.- 

i 

Identify  types  of  propeller  shafts.  •  a 


*  Rubber 
Coupling  Shaft  Support       '  Retainer 


C. 
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Differentiate  between  constant  velocity  and  cross  and  roller  U-joints  by  correctty 
labeling  the  illustrations  below. 


Spider   "     Wm  ■  * '  CaP  Screws 


7.   Identify  parts  of  a  cross  and  rol  ler  U-joint. 


-8.  Select  points  on  a  drive  train  to  check  component  angles  by  placing  an  "X"  in  the 
appropriate  blanks. 

 a.  Top  of  auxiliary 

b.  Interaxle  drive  line  on  clean  tubing 

c.  Machined  pad  on  rear  of  transmission 

 <±  Coupling  driveshaft  on  clean  tubing  section 

 e.  Front  yoke  or  flange  of  auxiliary  transmission. 

'  f.   Radiator  mount  pad 
■  «  • 

9.  .Select  true  statements  concerning  acceleration-deceleration  of  propeller  shaft  with 
cardon  U-joints  by  placing  an^'X"  in  the  appropriate  blanks. 

a.  Irfput  side  of  U-joint  turns  at  constant  r.p.nn. 

b.  Output  of  U-joint  accelerates  and  decelerates  once  during  three  revolu- 
„  *  tionsof  the  shaft 

 c.  The  greater  the  U-joint  angle  the  greater  the  effect  will  be 
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10.,  Complete  the  following  list  of  problems'cliusing  drive  line  noise  or  vibration. , 

*      "ft*  »- 

.  a.  Out  of  balance  emergency  brake  drum  on  rear  of  transmission  or  auxiliary 

b.  Lack  of  lubrication  in  the  U-joints  * 

a  Worn  U-joint  bearings 

d.  Bind  in  slip  yoke 

e.  Sprung  or  damaged  drive  shaft  1 

f.  '•  * 


V 


g.  Drive  shaft  U-joint  out  of  time 

h.  Foreign  material  on  drive  shaft 


j.      Loose  or  worn  rear  suspension  - 
*  k.     Excessive  drive  shaft  angles 
1 1 .  Demonstrate  the  ability  to: 

4 

a.  Remove  and  replace  a  propeller  shaft. 

b.  Disassemble,  inspect,  and  reassemble  a  U-joint  with  bolted  end. 

c.  Remove  and  replace  a  cross  and  roller  Urjoint 

d.  Align  and  time  a  telescoping  drive  line. 

e.  Balance  a  propeller  shaft. 

,  / 

•     (NOTE:     these  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 
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ANSWERS  TO  TEST 


1. 

a. 

2                 e.     7                 i.  • 

11 

b. 

9                 f.     10  j. 

5 

* 

c. 

4             .  g.  •  1  k. 

3 

d. 

6     *   .         h.  8 

2. 

a. 

OpenU-joints 

h 

Exposed  drive  line 

3. 

a. 

Coupling  shaft  and  center  support  bearing 

b. 

Prnnpllpr  shaft  witfvsliD  voke 

■ 

c. 

Coupling  shajt  without  center  bearing 

4." 

a. 

Flange  yoke 

• 

b. 

Jofurnal  and  bearing 

c. 

^Ipp\/p  vnkp- 
Olcc vc  y \j *\\? 

d. 

Slip  stub  shaft          <-       ,  *       *  ' 

e. 

-Tubing 

f. 

Stub  yoke 

a 

End  yoke  ^ 

h. 

Slip  U-joint  < 

i. 

Permanent  U-joint 

5. 

a. 

Bearing 

b. 

Rubber  support 

c. 

•Retainer  ' 

* 

d. 

Support 

- 

6. 

-a. 

Cross  and  roller  x 

b. 

Constant  velocity 

7. 

a. 

Bearing  cap 

b. 

Yoke 

c. 

Spider 

d. 

Lock  plate 

8. 

b, 

c,<U 

a, 

c 

to. 

f. 

,  Missing  balance  weight 

i. 

Loose  or  worn  engine  mounts 

11.   Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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UNIT  OBJECTIVE 


After  completion  Of  this  unit,  the  student  should  be  able  to. identify  the  components 
of  differentials  and  final  drives.  The  student  should  a)so  be  able  to  make  bearing  adjust- 
ments, identify  different  tooth  patterns,  and  be  able  to  remove,  repair,  and  replace  differ- 
entials and  final  drives.  This  knowledge  will  be  evidenced  by  correctly  performing  the 
procedures  outlined  in  the  job  sheets  and  b-y  scoring  85  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES  , 

1.  Match  terms  related  to  differentials  and  final  drives  with  their  correct  definitions. 

2.  Match  types  of  differentials  and  final  drives  with  their  definitions. 

3.  Identify  parts  of  a  gear  tooth.  „ 

*  4.  Match  the  methods  used  to  evaluate  gear  tooth  contact  patterns  with  the  correct 
diagrams. 

s  .5.   Identify  parts  of  a  differential. 

*  Identify  parts  of  a  planetary  gearset 

7.  Match  planetary  gearset  components  with  their  characteristics,  ^ 

8.  Name  three  types  of  differential  locks. 

9.  Select  from  a  list  the  purposes  of  a  power  divicjtr. 
10.   Identify  the  basic^parts of  a  power. divider*  * 

1  \T  Match  types  of  shifting  mechanism^  with  their  descriptions. 

12.  Distinguish  between  flared  and  compression  fittings.  . 

13.  Demonstrate  the  ability  to: 

,a.     Remove  a  differential  assembly.  /  i 


b.     Disassemble  a  differential  case  and  gear  assembly.  0 
a    Clean  and  inspect  a  differential  case  and  gear  assembly. 
d.A    Adjust  drive  pinion  bearing  preload. 


'X 


e.  Reassemble  a  differential  case  and  gear  assembly.  ,  - 

f.  Adjust  differential  bearing  preload;  check  gear  backlash  and  tooth  contact 
pattern.  r 

g.  Install  differential  assembly  in  differential  housing. 

h.  Remove,  repair-,  and  reassemble  a  differential  carrier  and  power  divider 
assembly.  ^ 

i.  Disassemble  a  planetary  gear  assembly  outer  ends, 
j.     Clean  and  inspect  parts  of  a  planetary  axle. 

\k.    Reassemble  a  planetary  gear  assembly. 
I.     Adjust  a  planetary  gear  bearing  preload. 

rts  .  Perform  preventive  maintenance  on  differential  and  final  drives. 

-  \ 

n.    Assemble  air  line  with  reusable  fitting  (flared), 
o.    Assemble  air  line  with  compression  fittings. 
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UNIT  VII 

f 

SUGGESTED  ACTIVITIES 

I.  Provide  student  with  objective  sheet.  .  - 

I I.  Provide  student  with  information  and  job  sheets. 
Ml.  Make  transparencies. 
IV.  .Discuss  unit  objectives. 

,  V.\    Discuss  information  sheet,  •  * 

VI.  '      Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets, 

VII.  "Tak<Wudents  on  field  trip  to  industry  that  manufactutes.oLSf vLcesJiiferentjal  _ 

and  final  drives. 

•  * 

VIII.  Bring  different  differential  and  final  drive^components  into  shop  and  sihow 
students  hdw  each  component  is  different  in  design. 

IX.      Have  a  differential  and  final  drive  disassembled  and  laid  out  on  shop  bench  and 
show  students  how  the  parts  work  together. 

X  •     Have  a  mechanic"  from  industry  come  in  and  talk  to  students  about  what  is 
expected  of  them  when  they  go  to  work  on  differentials  and  final  drive^ 

XI.      Give  test. 

INSTRUCTIONAL  MATERIALS 

I.       Included  in  this  unit;,* 

A.  Objective  sheet^  \  o 

B.  Information  sheet 
C^\)  Transparency  masters 

1.  TM  1 --Gear  Tooth  Nomenclature 

2.  TM  2--Ring  and  Pinion  Gear 

3.  TM  3- farts  of  a  Planetary  GeaVset  -  . 

4.  TM  4-Single  Reduction  Axle  Assembly     .  ~ 

5.  TM  5-Double  Reduction  Axle 

6*  TlVI6-*2-SpeedAxle  '  r  *. 

•  >  »  » 
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7.  TM  7-Tandem  Drive  Axle 

•  I 

8.  TM  8-Planetary  Double  Reduction  Axle 

9.  TM  9~Planetary  Drive  Axles 

10.  TM  10-Tocith  Contact  Patterns 

11.  TM  11--Parts  of  a  Differential 

12.  TIVI  12-Types  of  Differential  Locks 

13.  TM  13--Types  of  Differentiators  (Continued) 

14.  TM  14--P&rts  of  a. Power  Divider 

15.  TM  15-Partsof  a  Power  Divider  (Continued) 

16.  TM  16-Electric Shift  System  *^ 

17.  .TM  17-2 -Speed  Single/Axle  Straight-Air  Shift  Shystem 

18.  TM  18-2-Speed  Tandem  Axle  Straiigh t-Air  Shift/System 

19.  TM  19-3-Speed  Tandem  Axle  Straigiht-Air  Shi/t  System 

20.  TM  20-Types  of  fy\x  Line  Fittings 
Job  sheets  , 

1.  Job  Sheet  #1-Remove  a  Differential  Assembly 

2.  Job  Sheet  #2--Disassemble  a  .Differential  Case  and  Gear  Assembly 

3.  Job  Sheet  #3-Clean  and  Inspect  a  D/fferential  Case  and  Gear  Assembly 

4.  Job  Sheet  #4-Adjust  Drive  Pinion  Searing  Preload 

5>  Job  Sheet  #5-Reassem&le  a  Differential  Case  aqd  Gear  Assembly 

6.  Job  Sheet  #6--Adjust  Differencial  Bearing  Preload;  Check  Gear  Back- 
lash and  Tooth  Contact  Patter? 

7.  Job  Sheet  #7-ln$tall  Differential  -Assembly  In  Differential  Housing 

/  i  •• 

8.  Jdb  SHeetf  #8-Renfiove>  Repair,  and.  Reassemble  a  Differential  Carrier 

and  Power  Divider  Assembly        n  m 

9.  Job  Sheet  #9--Disassempla  a  Planetary  Gear  Assembly  Outer  Ends 
10t  •  Jpb  Sheet  #10-Clean/and  Inspect  Parts  of  a  Planetary  Axle 

11.  Job  Sheet  #11-Rea/semble,a  Planetary  Gear  Bearing  Preload' 

12.  Job  Sheet  #I2-Adjust  a  Planetary  Gear  Assembly     *m°~<4>  *  *  • 


T3.  Job  Sheet  #13-Perform  Preventive  Maintenance  on  Differential  and 
Final  Drives 

14.  Job  Sheet  #14~Assefable  Air  Line  with  Reusable  Fitting  ♦(Flared) 

»  '  * 

.15.  Job  Sheet  #15~Assemble  Air  Line  with  Compression  Fittings- 

*  « 

£.    Test  i  ,    ^  •  | 

F;    Answers  to  test- 

References: 

A.  Fori^r,  Louii  C.  /Wofor  7VtfcA:s  and  Repair  Manual.  33rd  Edition. 
New  York,  NY  10010:.  Motor,  1 980. 

B,  1   Notgreles,  Troy.  The  Automotive  Power^Train^Mecfianic.  Austin,  TX:  Instruc- 

tional Materials  Service  Division  of  Extension,  The  University  of  Texas  atN 

Austin,  1973. 

*  ■*  *  i* 

6.    Fundamentals  of  Sen/ice:  Power  Trains.  Moline,  IL  61265:  John  Deere 
Service  Publications,  Dept  F,  1972. 

D.  1968  Ford  Truck  Shop  Manual.  Dearborn,  Ml:  Fjord  Service  Publications, 
1968.  *  .    *  r 

E.  Stockel,  Martin  W;  Auto  Service  and  Repair.  South  Holland,  IL:-The 
Goodheart-Wilcox^Co.,*  Inc.,  1969. 

F.  Field  Maintenance  hr  RocktvelJ^tandard  Off-Highway  Vehicles  Employing 
'    Planetary  Axles.  Troy,%  Ml  48084: '  Rockwell  International  'Automotive 

^Headquarters,  1.976. 

*  • 

G.  Eaton  Truck  Axles,  Service  Manual  EA-104.  Cleveland,  OH  44110:  Eaton 
,    Corporation,  Axle  Division,  1977. 

H.  -Eaton  Truck  Axles,  Service  Manual  EA-104.  Cleveland,  OH  44110:  Eatoji 
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Hill,  Inc.,  1982. 
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'Terms  and  definitions 

A.  Differentia  l--A*rangement  of  gears  connecting  two  shafts  or  axles  in  the  same 
line,  dividing  the  driving' force  equally  between  them,  and  permitting.one 
shaft  to  revolve  faster  than  the  other  (also  known ras  third  member) 

B.  Final  drive--The  last  phase  of  the  power  train;  it  gives  the  final  reduction  in 
speed  and  increase  in  torque  to  the  drive  wheels    ^  t 

C.  Backlash-Distance  that  one  gear  can  be  moved  back  and  forth  without 
moving  the  gear  into  which  it  is  meshed  (Transparency  1) 

D.  Ring  geafeName  given  to  the  bevel  gear  in  a  differential,  and  the  gear  which 
surrounds*r  rings  the  sun  and  planet  gears  in  a  planetary  system 

E.  JHypoid  gear-A  gear  that  is  similar  in  appearance  to  spiral  bevel  igear,  but  the 
driving  gear  is  located  below  the  center  of  the  driven  gear  (Transparency  2) 

F-.'  Pinion~A  small  gear  having  the  teeth^fqrmed  in  the  hub;  it  drives  a  larger 
gear*. 

G.  Preload-Adjusting  antifriction  bearing  so  that  it  is  under  mild  pnesjure;this 
prevents  bearing  looseness  under  a  driving  stress 

H.  Gear  tooth  clearance-Distance  (separating  two  gear  teeth  that  are  meshed 
*  together  (Transparency  1) 

♦ 

I:  Tooth  contact  pattern  test-A  method  of  testing  the  wiping  action  between 
ring  gear  and  pjnion  gear  to  determine  if  they  are  properly  adjusted 

J.     Planetary  gearset-A  gearing  unit  consisting  6i  a  ring  geSr  with  internal  teeth, 
a  sun  or  central  pinion'gear  with|external  teeth,  and  a  series  of  planet  gears 
^  that  are, meshed  with  both  the  .ring  an9  the  sun  gear  (Transparency  3) 

\  * 

K.  Differential  pinion-Small  gear£  mounted  on  a  shaft  pinned  to  the  differential 
/~    case;  they  mesh  with,  and  dri^e,  th^  axle  end  gears 

Types  of  differentials  and  fin&l  emves  ancl  their  definitions 

A.  ^Single  reduction  axle-Rear  axle  assembly  with  single  reduction  thrQugh 
ring  gear  and  drive  pinion  (Transparency  4)  - 

B.  Double  reduction  axle-ReaY  axle  assembly  with  twa.reductions;one  through 
ring  and  drive  pinion,  one  through  a\  s»et  of  helical  gears  (Transparency  5), 
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III. 


C.  2-speed  axle-Rear  axle  assembly  with  two  gear  ratios  for  various  road 
and  load  conditions  (Transparency  6)  -*  9  v 

D.  Tandem  drive  axle-Rear  a>de  assembly  incorporating /two  single  axle  units 
and  power  divider  interconnected  by  a  propeller  shaft  .(Transparency  7) 

E.  Planetary  double  reduction  axle- Rear  axle  assembly  <with  two  reductions'; 
one  through  ring  cjear  and  drive  pinion,  one. through  planetary  gearing 
(Transparency  8)-         -  ^  '** 

F.  Planetary  drive  axle-Rear  axle  assemblies  which  are  more  durable  because 
torque  loads  are  spread  more  evenly  over  several  gears  (Transparency^)' 

Parts  of  a  gear  tooth  (Transparency  1) 

A.  Flank  ^  -  - 

B.  >    Pitch  line        "  - 

T     *      (NOTE:  Remferrtber  that  pitch  liifie  is  not  physically  part  of  a  gear  tooth, 
but  an'imaginary  line  used  for  reference.)    *  ,K  . 

C.  Face.  1 

) 

D.  Toe  (small  end)  *  v  * 

E.  Heel  (large  end)    r—  " 

IV.   "  Methods  used  to  evaluate  gear  toothucontact  patterns  (Transparency  10) 

(NOTE:  .Check  tooth  contact  patterns  on  both  sices  of  tooth,  drive  side  and 
*  -     coast  side;  the  drive  side  has  concave  teeth  and  the  coast  sitfe  has  doftvex  teeth.) 

A.    On  drive  side  of  tqpth  v  , 

X] .  Should  be  centrally  Ipcated'  between  the  top  and  bottom 

2.  Tends  to  spread  toward  the  heel  of  the  tooth  as  the  load  increases 

,    v  "3.  Can  &e  slightly  closer  to  the  toe  end\  ,  N.  m- 


B.    On  coast  side  of  tooth 


■1.   May  be  a  little  longer  and  closer  to  the  toe  end 


V. 


2.  Should  be  centrally  Ipcated  between  the  top  and  bottom 
Parts  of  a  differential  (Transparency  11) 

A.  Companion  flange  (pin ion  yofte) 

B.  Pinion  seal  and  retainer  " 
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VI. 


) 


C.  Companion  flange  flat  washer 

D.  Pinion  bearing  {conetand  cup) 

E.  Pinion  bearing  cage 

F.  *   Pinion  bearing  cage  shim 

G.  %Pinion<bearing  spacer 

H.  Drive  pinion 

I.  -  Pinion  pilot  bearing 
J.  "Differential  carrier  **■ 
K.  Carrier  gasket 

cL  "  Differential  bearing  adjuster 

M.  Differential  carrier  bearing  cap 

N.'  Differential  bearing  cup  • 

0.  Differential  bearing  cone 
P.  *  Differential  case',  flanged  half 

I 

Q.  Ring  gear 

R.  Si.de  gear  thrust  washer  * 

S.  Side  gear  / 

TV  Spider 

Li,  Side  pinion 

*   -V.  Side  pinion  thrust  washer  '  - 
W.    Differential  case,  plain  half 

Basic  parts  of  a  planetary  gear  differential  and  final  drive  (Transparency  3) 

A.  Sun,  gear  ,  * 

B.  Planet  gear 

C.  Planet  carrier  '  •  ■  * 
7  <D.  -  Ring  gear  * 
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VII.  Planetary  gearset  component*  and  then  uuractenstics  (Transparerlcies  8  and  9) 

£  nr  '" 

A.  Sun  gear-  The  center  gear  in  nitron  with  the  planet  gears 

(NQTE:  The'  sun  gear  can  be  used  as  a  drive  gear  as  in  a  final  drive  or  as  a 
drive\  gear  as  in  a  planetary  cttf lei e? stial.) 

B.  Planet  gear-Those  geats  in  a  planetary  gearset  that  are  in  mesh  with  both  the 
*  ring  and  the  sun  gear  ,  ^ 

(NOTE:  Theyare  referred  to  ds  planet  gears  in  that  they  orbit  or  move 
around  the  central  or-  sun  gear.) 

C.  r^fflanet  carrier  -That  part  uf  a  planetary  gearset  upon  which  the  planet  gears 

are  affixed 

D.  Ring  gear  -The  large  gea>:  A'lth  internal  teeth  in  mesfr-with  'the  teeth  of 
the  planet- pinions  at  all  times  s 

(NOTE:  The  ring  gear  may  be  attached  to  the  inside  of  a  differential  carrier.) 

VIII.  Types  of  differentials  locks  (Transparencies  12  and  13} 

(NOTE:  The  differential'  loc^-is  used  tu  lock  both  axle  shafts  in  as  one;  this 
prevents  the  usual  loss  of  traction    hen  one  wheel  is  slipping.) 

.   A.    Mechanical  lock  Uses  levers  and  linkages  to  engage  a  collar  on  axle  to 
the  splines  on  differential  housing 

B.  Hydraulic  lock  Uses  oil  pressure  to  lockout  the  differential;  when  the  pedal 
is  depressed  the  valve  allows  pressure  oil  to  flow  to  the  differential 

C.  Automatic  lock  Hits  unit  is  normally  engaged  at  all  times,  but  still  allows 
for  relative  motion  between  the  wheels  when  cornering;  when  engaged  it 
prevents  one  wheel  frorn/Spmn»ng  when  it  loses  traction  and  thereby  depriv- 
ing the  other  wheel  of  full  dr  ivmg  povver 

•  * 

IX.      Purposes  of  a  power  divider ' 

A.  Equally  distributes  pcnvei  hur*:  the  vehicle  transmission  to  both  the  forward 
and  rear  rear  axles 

I  '  1 

B.  On  a  tandem  drive  a\ie,  when  oo.^r  divider  is  disengaged;  the  two  axles 
act  as  two  inuividual  axle^ 

C.  When  t^e  povver  divider  ^efigagru  r * *t  two  axles  act  as  one 

D.  Provides  maximum  tiautiun  yvhtn  u>4U  uiuiitJons  are  unfavorable 
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E.    When  poyver  divider  is  disengaged  it  prevents  axle  fight  and  permits  freer 
rolling    j  > 

(CAUTION:  On*a  tandem  driye  axle  be  sure  that  bolfFTaxle  ratios  are  the 


( 


same.) 

F.  Allows  for  easier  steering. and  better  readability 
Parts  of  a  power  divider  (Transparencies  14^  and  15) 

A.  Input  shaft 

B.  Inter-axle  differential  lockout 

C.  Helical  side  gear 

D.  Pinion  helical  gear 

E.  Inter-axle  differential 


XI.      Types  of  shifting  mechanisms  (2-speed  axles) 

A.  Electric  shift  (Transparency  16) 

1 .  Consists  of  a  manually-operated  control  switch  and  an  electric  shift  unit 

2.  Connected  by  electrical  cables  and  normally  protected  by  a  circuit 
breaker 

3.  The  shift  unit  includes  a  Jfcersible -electric  motor,  automatic  switch, 
drive  screw,  and  torsion  spring  drive 

B.  Air-operated  shift  (Transparencies  17,  18,  and  19) 

1.  Consists  of  manually  operated  air  shifter  valve,  a  quick^release  valve, 
and  an  axle  shift  unit . 

2.  Air  shifter  supplies  air  through  the  quick  release  valve  to  the  axle  shift 
unit  * 

3?  Air  pressure  in  the  shift  unit  shifts  axle  to  high  range 

4.  To  shift  axle  to  low  range,  air  pressure  is  exhausted  at  shifter  valve, 
which  exhausts  air  pressure  at  quick  release  valve 

C.  Vacuum-operated  shift  \ 

I.1  Consists  of  a  manually  operated  control  lever,  vacuum  valve  controlled 
by  linkages,iand  an  axle  shift  unit  ' 

2.  '  Vacuum  can  beused  to  shift  the  unit  to  low  range 

3.  Spring  tension  shifts  the  unit  back  to  high  range 

V  .  •  ' 
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Types  of  air  line  fittings  (Transparency'  20) 

A.  .   Flared  fitting-  Tfie  end  of  the  tubing  is  spread  (flared)  outward  atsan  angle 

B.  Compression  fitting  (sleeve)--  It  is  either  a  separate  un  it  or  designed  as  part  of 
the  nut,  and  when  drawn  together  the  sleeve  is^cornpressed* against  the 
tubing,  fitting,  and  nut 


Gear  Tooth  Nomenclature 


m 


Backlash  .006"  To  .016' 


1 


Tooth  Clearance 


The,  Heel  of  the  Gear  Tooth 
is  the  Large  End  and  the 
Toe  is  the  Small  End 


V 


tz  Face 
Pitch  Line 
Flank 
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Ring  and  Pinion  Gear 

1  Q  . 


I  .J. 


Courtesy  International  Harvester 
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Parts  Of  A  Planetary  Gearset 


Carrier 


PT-637 


Single  Reduction  Axle  Assembly 


Axie  Hquskig 


Internal  View 


Ring  Gear 


Drive  Pinion 


Axle  Differential 


Axle  Shaft 


\ 


Courtesy  Transmission  Division,  Eaton  Corporation 

.  <     .571  ' 


TM  4 


PT-639 


Double  Reduction  Axle 


Helical  Dirve  Gear 


Hypoid  Ring  Gear 


Rotation 


Rotation 

Helical  Pinion  Gear 

> 

Hypoid  Pinton  Gear 


Rotation 


ERIC 


Courtesy  Ford  Motor  Comply  . 

'  .  572  ■ 


TM  5 


2-Speed  Axle 


Axle  Hou£m) 

*  ^  ^p- 


•  High  Speed  Clutch  Plate 


Left-Hand  Differential 
Bearing  Adjuster 
(Low  Speed  Clutch  Plate) 


Sliding  Clutch 
Gear 

Idler  Pinions 


Internal  View 

Highspeed  Clutch^late. 

Ring  Gear 


Left-HpndrDifferential 

Bearing  Adjuster 
(LoVff  SpepdHplutch  Plate) 


Sliding  Clutch  Gear* 

.idler  Pinions 


Courtesy  Transmission  Division,  Eaton  Corporation 


PT-645 


Planetary  Double  Reduction  Axle 


Housing 


'A' 


Planetary  Gears 


Ring  Gear 


tl   \  .  Drive  Pinion 


Stationary  Sun  Gear 
■»  s        Planetary  Pinions 


Differential 


Venturi  Cover 


Courtesy  Transmission  Division,  Eaton.Corporation 

ERIC  .  '    '    /  .  ,  *  5VQ 


Internal  View 


TM  8 


*      '  Pt-649 


Tooth  Contact  Patterns 

Pattern  A  .  - 

DRIVE  COAST 


Ideal  Ring  Gear  Tooth  Contact  Under 
Light  Load 


drive   Pattern  B  coast 


Toe  Contact  -  To  Correct  Move  Gear 
Away  Trorrv  Pinion 

(  . 

drive  Pattern  D  coast 


High  Tooth  Contact  •  T,o  Correct  Move 
Pinion  Toward  Gear. 


drive  Pattern  C  coast 


Heel  Contact  -  To  Correct  Move  Gear 
toward  Pinion 


drive  Pattern  E  coast 


Low  Tooth  Contact  -  To  Correct  Move 
Pinion  Away  From  Gear 


move  Ring  gear  away  from  drive? inion 
to  correct  pattern  "b" 


Ring  Gear 


MOVE  DRIVE  PINION 
TOWARD  RING  GEAR 
TOjCORRECT 
PATTERN  "D" 


Drive  Pinion  ■ 


MOVE  DRIVE  PINION 
|    AWAY  FROM  RING  GEAR' 
TO  CORRECT 
PATTERN  "E"  -  - 


'   MOVE  RING  GEAR  TOWARD  DRIVE  PINION 
TO  CORRECT  PATTERN  "C" 


2 


TM  10 


PT-647 


Planetary  Drive  Axles 


Planetary  (sears  Away 
From  Differential 


Wheel  Hub 


•  Sun  Gear 
Planet  Pinions 


Planetary  Eeal^ 
Next-  to  Differential 


Plqptet  Pinions 


Drive  Wheel  Here 


Ring  GeaT  ^  - 

Planet  Pinion  Carrier 


Rear  Axle  Shaft 


Rear  Axle  Housing 


From  Diffential 


Final  Drive  Shaft  And  Sun  Gear 

*      •jSL— - 

Courtesy  DEERE &m,  MOLINE,  I L~  ~~ 

■   ,  _  f   "  TM  9 


7° 


Parts  of  a  Differential 

Diff.  Case  -Tlarfged  Half  * 


Diff.  Carrier  and  Bearing  Cap  Side  Gear 

Diff.  Case  -  Plain  Half 


Diff.  Carrier  and  Bearing  Cap 

Diff.  Bearing  Adjuster 
\ 

Diff.  Bearing  Cup 
r  Diff.  Bearing  Cone 


Djff .  Betring  Adjuster 


Diff.  Bearing  Cone 
Diff.  Bearing  Cup 


ERIC 


Courtesy  Transmission  Division,  Eaton  Corporation 

Diff.  =  Differential 

573 


Pinion  Bearing  Cage 
Pinion  Bearing  (Cone  &  Cup) 


Pinion  Pilot  Bearing 

Pinion  Bearing  Spacer 

,    Pinion  Bearing 
^577  /^(Cone  &  Cup) 


Companion  Flange  (Pinion  Yoke) 


Pinion  Seal.&  Retainer 


58 


3 

\  a> 

■)  3 


V 


r 


Types  of  Differential  Locks 


To  Engage  Ldtek 


Axle  Splines 


Mechanical  Lock 


Spider 


Driven,  Clutch 
And  Spider 
Remain  Locked 
,  And  Travel 
At 

Sptined  Side  Gear 

Driven  Clutch 


Driven  Clutch  Elevated  By  Cams 
Disengages  From  Spider  (Clutch 
Teeth  And  Travels 
At  Faster  Speed 

Driven  Clutch 


Splined  Side  Gear 


H 

ERIC 


•5b: 


Courtesy  DEERE  &  CO.,  MOLINE,  IL 


Automatic  Lock 


58 


oo 


"t3 

H 

CD 

cn 

GO 


\ 


Types  of  Differential  Locks 

(Continued) 


Piston  Engages  Clutch 


Disk  Clutch 


J5i»3 


ERJC 


To  Engage  Lock 


Bevel  Gear 
{Locked) 

Courtesy  DEERE  &  CO.,  MOLINE,  IL 


Hydraulic  Lock 


te^y 


V 


5  S 1 


CD 

01 

C71 


PT-657 


Paris  of  a  Power  Divider 


Power  Divider — 

-  Output  Shaft  Side  Gear 

^  Output  Shaft 

j 

Axle  Shaft 


Inter  Axle  Differential  Lockout 


Input  ShaftHelical' 
And  Differential  Side  Gear 

Drive  Pinioh  Helica^Gear 
Drive  Pinion 
Ring  GSar 


Axle  Shaft 

i 

Axle  Differential 
Venturi  Cover 


Courtesy  Transmission  Division,  Eatqn  Corporation 

9 


TM  14 


2 

er|c 


Parts  of  fr  Power  Divider 

(Continued) 


Inter-axle 
Differential  Lockout 


Inter -axle 
Differential 


Input  Shaft 


Power  Divider  — 


Helical 
Side  Gear 


Drive  Pinion 


Courtesy  Rockwell  International 


en 

CD  . 


.  PT-661- 


Electric  Shift  System 


Up-High  f  t 

Power  Source         |  Down-Low  Range  J  Switch  Knob 


(Ignition  or  Accessory 
Switch) 
9 


Circuit 
Breaker 


9J? 


Speedometer  K^oj 
Adapter  p2i 


Wiring  Harness 


Control  Switch 


Electric  Mhs^or  •  Armature 

7  ~ 


Electric  Shaft  Unit 


(Courtesy  Transmission  Division,  Eaton  Corporation 

Automatic  Switch 

Switch  Screw 
Terminal  Lockout 

Shift  Fork  Actuating  Lever 
Torsion  Spring 


Drive  Screw  Assembly 
Spring  Winding  Lever 


Electric  Motor 
Motor  Screw 
tf^^Cable  Clamp 
Motor  Qasket 
Shift  Unit  Housing 
Shift  Fork  Seal 


Seat  Spring 


y\  •  Locknut 

\  Insulator  Bushing 
Insulator 


Oil  Filler  Plug 


Drive  Screw  Bearing 
Locknut 

Cover  Gasket 
Bearing  Cover 
Cover  Screw 


5-8 


TM  -16 


V 


2-Speed  Single  Axle  Straight-Air  Shift  System 


ERIC 


+  For  Vehicles  With  Transmission 
Drive  Speedometers  * 


Axle  Shift  Unit 


+  Speedometer  Adapter 

r 

2  Speed  Air  Shifter  Valve 


♦For  Vehicles  Not  Equipped. 
With  Automatic  Safety  Brakes 


*  Ignition  or  Accessory  Switch 


Courtesy  Transmission  Division,  Eaton  Corporation 


Exhaust 


530 


/ 


O) 

8 


2-Speed  Tandem  Axle  Straight-Air  Shift  System 


+Pressu  re  Switch 
,  (Normally  Closed) 


Rear  Axle  Shift  Unit 
Dry  Air  Tank 


+  For  Vehicles  With  Transmission 
Drive  Speedometers 


+  Speedometer 


2  Speed  Air  Shifter  Valve 


Exhaust 


ERIC 


*For  Vehicles  Not  Eauipped 
WUh  Automatic  Safety. Brakes 

O  *J  JL 


Courtesy  Transmission  Division,  Eaton  Corporation 


^592 


3 

01 


3-Speed  Tandem  Axle  Straight-Air  Shift  System 


+  Pressure  Switch 
Quick  Release  Valve    (Normally  Open) 


t 

+  Speedometer  Adapters 


+  For  Vehicles  With 
Transmission  Drive 
Speedometers 


A3  Speed  Air  Shifter  Valve 


Green 


*For  Vehicles  Not  Equipped  With 
^      Automatic  Safety  Brakes  . 


ERsLC 


5^3 


Courtesy  Transmission  Division,  Eaton  Corporation 


V 

1  * 


W04 


H 

i 
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Types  of  Air  Line  Fittings 


Flared  Type0 


Compression  Type 


Nut    Fitting  g.    -  Nut 
1         I      1  ?    Insert  J; 


Tube  , 


Insert  Partially  Installed 

Nylon  Air  Line  Assembly 


DIFFERENTIALS  ANQ  FINAL  DRIVES- 
UNIT  VII 


JOB  SHEET  #1-REM0VE  A  DIFFERENTIA^  ASSEMBLY 

Tools  and  equipment 

A.  Basic  hand  tools  * 

B.  Floor  jack 

C.  Jack  stands         t         '         •    1  . 

D.  Deep  socket  set,  1/2"  drive-  <>) 

E.  Differential  jack  ? 

F.  Drain  pan       •  *  • 

*    ,  s 

G.  Drop  light 

H.  Creeper 

I.  Safety  glasses  *  .  <\  '  .  v 
Procedure        '        ft,"  . 

0 

(NOTE:  This  procedure  will  cover  the  straight  axle  drives,  pinion  drives,  power 
dividers,  differential  locks,  2  and  3  speed  axles^and  planetary  drives.) 

A.  Remove  plug  from  bottom  of  axle  housing  and  drain  lubricant 

B.  Remove  the  axle  shaft  stud  nuts,  lock-washers,-  and  tapered  dowels 

(NOTE:  To  loosen  axle  shaft  frotn  the  tapered  dowels,  hold  a  1  1/2  inch 
diameter  brass  drift  against  the  center  of  the  axle  shaft  hedtf;  strfkethe  drift 
sharply  with  a  5  to  6  pound  hammer  or,  sledge.)  ' 

'    (CAUTION:  Check  service  manual;  some  manufacturers  do, not  recommend 
*  thjs.)     '  ~  v  'j 

C.  Remove  the  axle  shaft  from  the  drive  unit  and  housing 

D.  Remove  drive  line  from  pinion  yoke  and  slide  other  end  <?ut  of  slip  joint 
(NOTE :  Mark  drive  line  with  fcenter  punch  before  removing.)  ^ 

E.  Place  drive  line  out  of  work  area 

r  •  - 

*F.J  Discpnnect  the  electrical  terminals  or  air  hoses  from  shifting  mechanisms 
if  it  is  a  differential  with  a  2-speed  shifting  mechanicsm;  on  tandem  drivS 
axles,  disgonnect  the  air  hoses  to  the  power' divider  shifting  mechanism 


J 


\ 

t 

<      -  J0BSflEET#1 

G.    Remove  carrier  to  housing  stud  nuts  -         \  : 

(CAUTION:  Loosen  two  top  nuts  but  leave  on  studs  to  prevent  carrier 
from  falling.) 


J.     Remove  top  nuts  and  lock  washers  and  work  carrier  free 

(CAUTION:  Keep  to  one  side  of  differential' while^removing.) 

K.    Use  a  small  pinch  bar  to  straighten  carrier  iri  housing  bore 

(NOTE:  The  end  must  be  rounded  to  prevent  indenting  the  carrier  flange.) 

L.     firing  differential  straight  out  of  carrier  bore 

M.    Lower  differential  to  floor  and  roll  out  from  under  vehicle  %  \ 


DIFFERENTIALS  AND  F1NALDRIVES 
UNITVII 


,  JOB  SHEET  #2~DISASSEMBLE  A  DIFFERENTIAL  CASE  AND  GEAR  ASSEMBLY 


Tools  and  equipment 

A.  Basic  hand  tools 

B.  Carrier  repair  stand  . 

C.  '  Socket  set,  3/4"  drive 


/ 


D.    Socket  set,  1/2"  drive 


E. 
F. 


Pry  t>ar 

Drive  pinion  flange  puller 
Safety  glasses 
Procedure 

A.    Position  the  carrier  on  a  differential  carrier  repair  stand  (Figure  1) 
FIGURE  1  / 


c 


(NOTE:,  ProdkJureJand  illustrations  courtesy  Transmission  Division,  Eaton  Corporation.) 


JOB  SHEET  #2 

B-  ■  tesszzssff^jr' carr,er  wl,h  a  Wpunch  forcorrect 


FIGURES,  , 


Cut  lockwires,  then  remove  cap  screws,  differential  bearing  caps,  and  adjust- 
ers > 


D.    Lift  out  the  differential  and  gear  assembly  (Figure  3)  '  ^ 

(NOTE:  On  some  differentials  you  will  have  to  tilt  ring  gear  away  from 
pinion.)  •■  1 

FIGURE  3    '  - 


PT-67£ 


JOB  SHEET  #2 


E,    Remove"p.inion  flange  or  yoke  shaft-nut  and  washer  (Figure  4) 

* 

(NOTE:  There  are  different  methods  in  removing  nut  and  washer  so  check 
with  manufacturer's  specifications.) 


FIGURE  4 


COMPANION 
FIANQE 


PINION  \  OIL 

BEARING  SEAL 
"  CAGC  fit'TAIMEf^ 


•  J 


F.  '  Repnove  pinion  flange  or  yoke  with  a  suitable  puller  (Figure  5) 

(NOTE:  Driving  the  flange  off  will  cause  excessive  runout.) 
FIGURE  5 


Courtesy  Rockwell  International 


ERIC 


676 
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\ 


J  • 


J0BSH£ET#2 

G.  Remove  pinion  c^e  stud  nuts  or  capscrews 

H.  Remove  bearing  cover  andjOil  seal  assembly 

I.  Remove  bearing  cage  (Figure  6) 

(NOTE:  Some  manufacturer's  provide  puller  holes  and  other  manufacturers 
recommend  driving  the  bearing  cagp  out  With* a  brass  drift.  Check  with 
manufacturer's  specifications  before  removing.) 

(CAUTION:  Note  size  and  number  of 'shims  under  bearing  cage  flange  for 
easier  adjustment  during  reassembly  and  wire  shims  together  when  removed.) 

FIGURE  6 


(CAUTION:  The  use  of  a  pry  bar  will  damage  the  shims.) 
J.     Press  drive  pinion  shaft  out  of  bearing  cage 
K.    Remove  outer  bearing  from  cage  (Figure  7) 
FIGURE  7  ~ 


JOB  SHEET  #2 


L.  •  Remove  bearing  spacer  washer  and  spacer  from  drive  pinion  (Figure  8) 
FIGUR£f8  * 


PINION 
BEARING 
CONf  ~ 
(tNNIK) 


PINION 
PILOT - 


i  lit 


.  DRIVE 
PINION 


BtARING 


*M.    Remove  inner  bearing  cone  and  pilot  bearing  from  drive  pinion,  using 
suitable  pullers  (Figure  9) 


FIGURE  9 


^  >  ■  JOB  SHEET  #2  '  •    -  . 

.  N.  Punch  mark  differential  cases  for  correct  location  in  reassembly  (Figure  10) 
FIGURE  10 


0.    Cut  lockwire,  then  remove  cap  screws,  nuts  and  bolts  (Figure  10) 
P.     Remove  plain  differential  case  (Figure  10) 

Q.    flemove , right-hand  side  gear' and  thrust  washer,  thert  lift  out  differential 
spider,  side  pinion,  and  thrust  washer  assembly  (Figure  1 1) 

FIGURE  11  / 


WASHER  - 


PT-679 


JOB  SHEET  #2 


R.    Remove  left-hand,  side  gear  and  thrust  washer  from  flanged  differential 
•  case  (Figure  1 1) 

S.     Remove  bearing  cones  from  differential  cases  with  a  split-type  puller  (Figure 
12)  -  r 

FIGURE  12  ' 


DIFFERENTIAL 

BEARING* 
CONE 


SPUT-TYPE 
PULLER 


PLAIN' 
DIFFERENTIAL 
CASE 


J 


T.    Remove  ring 'gear  from  flanged  differential  case  (Figure  13). 

(NOTE:  Carefully  center-punch  rivets  in -center  of  head.  Use  drill  1/32 
smaller  than  body  of  rivet  to  drill  through  head  from  gear  side-  Press  out 
rivet.)  ) 

t 

(CAUTION;  Do  not  chisel  out  rivets.) 


FIGURE  13 


RIGHT 


GEAR  SIDE 


6<J4 


WRONG 


DIFFERENTIALS  AND  FINAL  DRIVES 
UNIT  VII 


JOB  SHEET  #3-CLEAN  AND  INSPECTA  DIFFERENTIAL  CASE 
AND  GEAR  ASSEMBLY 


Tools  and  equipment 

A.  Basic  hand  tools  " 

B.  Solvent  container  ^ 

C.  Solvent 

D.  Parts  cleaning  brush 

E.  Safety  glasses 
Procedure 

A.  Wash  parts  having  ground  and  polished  surfaces  such  as  g^&rs,  shafts,  ^nd 
bearings  should  be  cleaned  In  a  suitable  solvent 

'  (NOTE:  Gasoline  should  be  avoided.) 

B.  Do  not  steam  clean  assembled  drive  units  after  they  have  been  removed 
from  the  housing 

(NOTE:  Water  will  be  trapped  in  the  corad  passage  of  the  castings  and 
in  the  close  clearances  between  parts  as  well  as  Qn  the  parts.) 

»  '  * 

C.  Clean  rough  parts  such  as  differential  carrier  castings  and  cast  brackets  in 
hot  solution  tanks  with  miltf  alkali  solutions 

(CAUTION:  Exercise"  care  to  avoid  skm  rashes  and  inhalation  of  vapors 
when  using  alkali  cleaners.)  *  ' 

D.  Dry  parts  thoroughly  after  cleaning 

E.  Coat  all  parts  that  are  to  be  immediately  reassembled  with  light  oil  to  pre^ 
vent  corrosion;  parts  should  all  be  inspected,  cleaned,  and  dried 

F.  Inspect  all  bearings,  cups,  and  cones,  including  those  not  removed  from 
parts  of  the  drive  unit 

G.  Inspect  gears  for  wear  or  damage;  gears  which  are  worn,  ridged,  pitted 
^  or  scored,  should  be  replaced^ 

(NOTE:  Replace  rip^nd  pinion  gearsas  a  set.) 


• 

• 
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JOB  SHEET  #3 

>• 

1 

H. 

Inspect  the  differential  assembly  for  the  following: 

K 

1 .  Pitted,  scored  or  worn  thrust  surfaces  of  differential  case  halves,  thrust 

washers,  spider  trunnions,  and  differential  gears 

^                                                                       '  «% 

- 

* 

* 

2.  Wear  or  damage  to  the  differential  pinion  and  side  gear  teeth 

1. 

Inspect  axle  shafts  for  signs  of  torsional  fractures  or  other  indication  of 
impending  failure 

J. 

•Clean  axle  housing  inside  and  outside  thoroughly  with  solvent  and  blow 
dry  with  compressed  air  . 

(CAUTION*:  Wear  safety  glasses.) 



K. 

Inspect  housing  for  cracks,  toose  studs,  nicks,  and  burrs  at  machined  surfaces 

ft 

f 

• 

t 

* 

• 
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DIFFERENTIALS  AND  FINAL  DRIVES 
'    .  UNIT  VII  .  • 

JOB  SHEET  #4-ADJUST  DRIVE  PINION  BEARING  PRELOAD. 

Tools  andequipment 

A.  Basic  hand  tools 

B.  Hydraulic  press 

&  *  Torque  wrench,  foot  pound  # ' 

D:  "  Roll  of  soft  wire  / 

E.  )lnch  pound  spring  scale 

F.  Safety  glasses 
Procedure 

A.    Press  new  bearing  cups  firmly  against  pinion  bearing  cage  shoulders 
B*.     Lubricate  bearings  and  cups  with  light  machine  oil 

C.  Press  pilot  bearing*firmly  against  the  pinidn  shoulders  "with  a  suitable  sleeve 
that  will  bear  only  on  bearing  inner  race  (Figure  1) 

*  * 
(NOTE:  Some  pilot  bearings  require  a  snap  ring  to  hold  bearing.) 


FIGURE  1 


(NOTE:  Procedure  and  illustrations  courtesy  Rockwell  International.) 


JOB  SHEET  #4 


D.    Install  pinion  and  bearing  assembly  into  bearing  cage  and  slide  spacer  onto 
pinion  shaft  «  *  * 


E;    Press  front  bearing  firmly  against  spacer 

F.  Rotate  cage  several  revolutions  to  assure  normal  bearing  contact 

G.  Check  bearing  preload  whiLe  in  press  underpressure  by  wrapping  soft  wire 
around- cage  and 'pulling,  on  horizontal  line  with  pound  scale  (Figure  2) 

FIGURE^ 


H.  Tighten  the  pinion  nut  to  the  correct  torque  and  chfcck  preload  if  a  press  is 
not  available  1 

I.  Check  with  manufacturer's  specifications  for  torque  for  pihion  nut  and 
"*    correct  preload  settings  and  beware  of  possible  conversion  factors  (Figure  3) 

NOTE:  Example  o/some  pressures  and  torques  for  checking;pinion  bearing 


preload  are  as  follows: 


FIGURE  3 


PINION 
SHAFT 
THREAD 

SI7,E 

7'8"-20 
7/8"-20 
1  "—20 
\%"~V2 

1V'~12 
'2"-i2 


NUT  TO HQ UK 
REQUIRED  (FOR 
FASTENER9  USING 

LOCKWIRKOR 
COTTER  PINS) TO 
OBTAIN  CORRECT 
PRE-LOAD 


NUT  TORtfUE 
REQUIRECUFOIl 


PRESSURE 
REQUIRED 
TO  OBTAIN 

CORRECT 

PRE. LOAD 

'6  tons 

6tonstelastic  200*  275  lb.  ft 
nut> 


OR  COTTER  PIN8I 
TO  OBTAIN 
CORRECT 
PRELOAD 


(>  tons 
1 1  tons 
tl  tons 
14  tons 
14  tons 
14  tons 
14  tons . 


175-  200  lb.  ft.     '  200-  275  lb.  ft 

j 


300-  400  lb  ft. 

700*  900  lb.  ft. 
800-1 100  lb.  ft. 
8004  100  lb.  ft. 

8001100  lb.  it: 


300 
700 
700 
800 
900' 


•  400  lb.  ft. 

•  too  lb.  ft. 

•  900  lb.  ft 
-1 100  lb.  ft. 
•12001b.  ft. 


1000-1300  lb.  ft. 


PT-685 


JOB  SHEET  #4 


J.     Check  rotating  torque;  if  it  is  not  w-ithin  specifications,  use  a  thinner  spacer 
to  increase  preload  or  a  thicker  spacer  to  decrease  preload 

K.    Torque  pinion  yoke  onto  piijion  shaft  and-recheck  preload  if  the  preload  w< 
set  in  the  press 

•        Use, torque  wrench. method,  if  needed,  to  check  prelpad;  some  pinion  bea^r 
ings  can  be  checked  with  this  method 

1 .  Place  drive  pinion  in  vise 

2.  Rotate  bearing  cage  by  hand  a  few  times 

3.  Then  rotate  bearing  cage  with  torque  wrench  and  note  reading 

4.  Check  with  manufacturer's  specifications  for  correct  preload 

5.  Use  thinner  spacer  to  increase  preload  and  thicker  space/  to  decrease 
%  1  -  preload 

M.'    Clamp  bearing  carrier  in  vise  and  use  inch-pound  torque  wrench  on  pinion 
nutand  set  preload  to  manufacturer's  specifications 


(CAUTION:  po/iroNjse  shim  stock  to  increase  thickness  of  spacer;  always 
use  correct  size  spacer.) 


ERIC 
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DIFFERENT  IALSANO  FINAL.  DRIVES  ' 
•  "  ..     UNIT'XM  • 

\  \      %        *  % 

JOB  SHEET  #5--REA§SEMB,LE  A  DIFFERENTIAL  CASE  .  ,' 
-  AND 'GEAR.  ASSEMBLY 

(NOTE;  Procedure  and  illustrations  courtesy  Rockwell  International;) 

Tools  and  equipment   *-  .  tfl 

A.  Basic  hand  tools''  v 

B.  Socket  set,  3/4"  drive  ^ 

C.  Socket  set,  1/2"  drive  ^    •  ' 

D.  Torque  wrench,  foot  pound  u        ,  '  "  * 

.  •  v  : 

E.  Drop  light  .  H 

F.  Shop  towels  .  * 

G.  .  Safety  glasses  x  •  »  '■ 
'  H.    Differential  repair  stand  . 

I.  *   Ring  gear  rivet  fixture  for  press  ,  t 

Procedure  ... 

A.  1  Wake  sure  that  differential  case  and  gear  assembly  parts  are  cte^n 

B.  Install  same  number  and  size  shim$  that  were  removed  in  disassembly  ontp 
ass3mbled  pinion  bearing. cage  — 

(CAUTION:  Locate  thir>  shims  on  both  sides  for  maximum  sealing  ability*)  " 

C.  Position  pinion  and  cage  assembly  over  studs  and  tap  into  position  with 
soft  mallet 

'  X  (NOTE:  If  there  are  no  studs  op  differential  case,  you  can  make  studs  out 
*of  a  5"  long  bolt  ^nd  cut  Head  of  bolt'off.) 

D.  Install  lock  washers  and  stud  nuts  or  capscrews,  and  tighten  to  manu- 
facturer's torque  specifications 

E.  Rivet  the  ring  gear  to  the  flange  case  half  With  new  rivets 
(NOT£:  Rivets  should  not  be  heated,  but  always  upset  cold.) 

]  ' 
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x'  »  ■   •  - 

F.    Rivet  ring  gear  and  case  together  to  manufacturer's  specifications  (Figure  1) 

DIAMETER  TONNAGE  - 


FIGURE  1 


OF  RIVET 

7/16" 
6/«" 


REQUIRED 

22 
30 
36 
45 


-  1 .  Differential  case  and  gear  bolts  are  also  available  for  service  replacement 
of  rivets 

g  - 

2.  Torque  bolts  (if  used)  to  manufacturer's  specifications 

» 

G.  Lubricate  differential  case  inner  walls  and  all  component  parts  with  axle 
lubricant  *  «' 

H.  Position  thrust  washer  and  side  gear  in  gear  case  half 

I.  Place  spider  with  pinions  and  thrust  washers  in  position  (Figure  2) 
FIGURE  2  • 


Pinion  Thrust 
Washers 


Side  Gear 
and 

Thrust  Washers 
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J.     Install  second  side  gear  and  thrust  washer 

K.    Align  mating  marks,  posit ipn  plain  case  half  and  draw  assembly' together 
with  four  equally  spaced  cap  screws  (Figure  3) 

FIGURE  3 


Aligning 
Marks 


L    Check  assembly  for  free  rotation  of  differential  gears 

M.    Install  remaining  capscrews  and  tighten  to  correct  torque  and  lockwire 
if  used  * 

N.    Press  differential  bearings  squarely  and  firmly  onto  differential 'case  halves, 
with  suitable  sleeve  * 

0.    Place  gear  assembly  into  differential  case  (Figure  4) 


FIGURE  4 
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> 

P.     Place  cup  over  bearings  and  position  assembly  in  carrier  housing* 

s. 

Q.    Insert  bearing  adjusting  nuts  and  turn  hand-tjjght  against  bearing  cups 

R.    Install  bearing  caps  in  the  correct  location  as  marked  and  tap  lightly  into 
position  (Figure  5)  ; 

/ 

FIGURE  5 


(CAUTION:  If  bearing  caps  da  not  position  properly,  adjusting  nuts  might 
be  cross  threaded.  Remove  caps  and  reposition  the  adjusting  nuts.  Forcing 
caps  into  position,  will,  result  in  irreparable  damage  to  the  carrier  housing  or 
bearing  caps.)  ,  ^ 

S. v  Install  carrier  *leg  capscrews  and  tighten  to  required  torque.  If  carrier  leg 
capscrfews  are  drilled  or  castellated,  safety  wire  after  final  adjustments  are 
.  made 

(NOTE:  For  differential  bearing  pre-load,  gear  backlash,  and  tooth  contact 
pattern  go  to  Job  Sheet  #6.) 


\ 
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JOB  SHEET  #6--ADJUST  DIFFERENTIAL  BEARING  PRELOAD, 
CHECK  GEAR  BACKLASH  AND  TOOTH  CONTACT  PATTERN 

(NOTE:  Pr#cedure  and  illustrations  courtesy  Rockwell  International.) 
Tools  and  equipment 

A.  Basic  hand  tools 

fe.  Pry  bar  ^ 

C.  Dial  indicator  !  * 

D.  Small  container  of  marking  compound  .  , 

€.  Torque  wrench  .   •  . 

F.  Shop  towels 

G.  Safety  glasses 
Procedure 

A.  Position  differerttial  case  and  gear  assembly  into  a  differential  repair  stand 

B.  •  Check  bearing  preload    v  t 

*  1.  Using  a  dial  indicator  at  backface  of  ring  *gear,- loosen  the  bearing, 
adjusting  nut  on  the  side  opposite  ring  gear  only  enough  to  notice 
end  play  on  thedial  indicator  (Figure  1 ) 


2.  Tighten  the  same  adjusting  nut  only  enough  to  obtain  .000  end  play. 
Rotate  ring  gear  to  check  ring  gear  for  runout,  if  runout  exceeds 
.008",  remove  differential  and  check  for  cause  •  * 

(NOTE:  Check  to  manufacturers  specifications  for  runout  on  differ- 
ential being  worked  on.)  ' 

■  614  \ 
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3.  Tighten  adjusting  nuts  one  notch  each  from  .00011  end  play  to  preload 
1    differential  .bearing 

(NOTE:  Check  service  manual  for  manufacturer's  pre-load  specifi- 
cations.) I 

C.    Check  gear  backlash 

1.  Place  dial  indicator  oh  tooth  sideof  ring  gear  (Figure  2) 

FIGURE  2 


2.   Hold  pinion  yoke  witlji  one  hand  and  rock  ring  gear  ba^k  and  forth 


between  tooth  to  tooth 


clearance 


3.  While  rocking  ring  gear  back  and  forth,  check  dial  indicator  to  see 
if  babklash  is  within  specifications  t  . 


(NOTE:  Set  backlash  to 


4.  Adjust  backlash  by  moving  the  ring  only 


manufacturer's  specifications.) 


5.  This  is  done  by  back! 

opposite  ring  the  same  ahnpunt 


mg  off  one  .adjusting  rir^  and  advancing  the 
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D.   .  Check  tooth  contact  pattern  (Figure  3) 

1 .  Apply  the  pattern  paste  to  both  sides  of  the  ring  gear  teeth- 

FIGURE  3 


*    (NOTE:  As  a  rule,  coating  about  twelve  teeth  is  sufficient  for  checking 
purposes.) 

2.  Turn  the  drive  pinion  while  holding  on  to  the  ring  gear  (Figure  4) 
FIGURE  4  >  ■ 


Turning  Pinion 


Brass  Drift  Binding  'Ring 


mm 


m 
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3. '  Compare  the  ring  gear  tooth  pattern  with  the  patterns  in  Figure '5 


FIGURE  5 

*  DRIVE 

TOE  END 


Toe  Contact«To  Correct  Move  Heel  Contact«To  Correct  Move 

GearcAway  From,  Pinion  Gear  Toward  PinioN^ 


CO'AST 

!HEEL  END 


Toe  Contact-To  Correct  Move  Gear  ■  Heel  Contact-To  Correct  Move 

Away  From  Pinion  Gear  Tovvard  pjnipn 


JOB  SHEET  #6 


E.    Install  the  thrust  screw  or  block  (if  used) 


F.    Torque  all  capscrews  that,  need  to  be  tightened  to  mani^facturer's  specifi- 
cations 

6.    Tie  capscrews  with  lockwire  (if  used) 
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JOB  SHEETS-INSTALL  DIFFERENTIAL  ASSEMBLY 
IN  DIFFERENTIAL  HOUSING 


Tools  and  equipment 

A.  Basic  hand  tools 

B.  Floor  jack 

C.  Jack  stands 

D.  Deep  socket  set,  1  /2"  drive 

E.  Differential  jack  * 

F.  Drop  light 

G.  Creeper 

H.  Appropriate  service  manual 

I.  Safety  glasses 
Procedure 


1 


A.  Make  sure  did  gasket  is  cleaned  off  differential  case  flange  and  housing 
flange 

B.  Put  differential  on  differential  jack,  and  secure  on  jack,  then  roll  under 
vehicle 

C.  Install  new  drive  unit  anfl  housing  gasket  on  housing  stud 

(NOTE:  Check  service  manual;  some  housing* require  sealant  only".) 

D:  •  Start  carrier  into  housing  and  start  four  nuts  and  flat  washers  equally  spaced 
and  tighten  alternately  to  draw  the  carrier  squarely  into  axle  housing 

(CAUTION:  Driving  carrier  into  hpusing  with  a  steel  hammer  will  damage 
carrier  flange  and  cause  oil  leakage.) 

E>     Remove  nuts  and  flat  washers  and  install  lock  washers  and  stud  nuts  or 
capscrews,  and  tighten  to  correct  torque 

F>    Clean  old.  gasket  off  of  axle  flange  and  axle  hub,  and  install  new  gasket 
before-installing  axleshaft-^  .      _  < 

(NOTE:  Check  with  manufacturer's  specifications  for  torque  for  stud  nuts 
on  axle.) 


JOB  SHEET  #7 

G.  Tighten  drain  plug  in  bottom  of  housing,  and  remove  fill  plug  and  fill  carrier 
with  lubricant 

(NOTE:  Check  with  manufacturers  specifications  for  type  of  lubricant  to 
use.)' 

•*  ✓ 

H.  Install  drive  line  to  aligning  marks  and  tighten  securely 

I.  Check  vent  on  differential  housing  to  make  sure  it  is  free  of  dirt 
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JOB  SHEET  #8-REM0VE,  REPAIR,  AND  REASSEMBLE  A  DIFFERENTIAL 
CARRIER  ANtfPOWERDMDER  ASSEMBLY 

(NOTE:  Proeedure  and  illustrations  courtesy  Transmission  Division,  Eaton  Corporation.) 

'I.      Tools  and  equipment  v 

A.    Basic  hand  tools 

;  "  v  B.  '  Clean  shop  towels  •         ^  ^  ; 

\   .     C.    Press         •  /    *  ■  \   "  ■ 

D.  Repair  stand  \  '  -  *  >  . 

E.  Hoist  and  chain  sling 

F.  Output  shaft  oil  seal  puller 

.  1  G.  Bearing  puller  , 

H.  inch-pound,  100  foot-pound,  and  100  fobt-pbund  torque  wrenches 

I.  Feeler  gauge      »  . 

J.  Sealant  .  ' 

.  K. .  Dial  indicator 

L  New  carrier  and  cover  gaskets 

M.  Safety  glasses 
II.     ^Pr^cedure  ■ 

(NOTE-  The  following /procedure  and  illustrations  are  adapted  from  materials 
published  and  copyrighted  1977  by  Eaton  Corporation,  and  are  reprinted  with 
permission*  this  procedure  is  applicable  to  Eatoh  "D"  series  tandem  drive  axles, 
30D^34D,  38D,  42D,  BOD,  D340,  D380,  and  D400  with  input  shaft  tapered  roller 
bearing;  your  instructor  may  modify  this  procedure  to  facilitate  available  equip- 
m    ment.)  a 

A;     Remove  and  disassemble  axle  housing  cover  with  the  following  procedure: 
\  1.   Drain  lubricant 

2.  Disconnect  propeller  shafts  at  companion,  flanges  and  remove  axle- 
shafts 

3.  Remove  cotter  pin,  nyt,  flat  washer,  companion  flange,  and  retainer 
*    ^      washer  from  output  shaft 

4.  Remove  cover  to  axle  housing  stud  nuts  and  lockwashers  - 

5.  Remove  cover  assembly  and  discard  cover  gasket 


JOB  SHEET  #8 


6.  To  disassemble  axle  housing  cover,  remove  oil  seal  from  oytpyt^shaft 
,  opening,  using  suitable  puller  '  r  „  * 

7.  Remove  snapring  from  output  shaft  opening,  then  press  rear  bearing 
from  axle  housing  cover      r  '  / 


v  (NOTE-:  Rear  bearing  sleeve  is  mounted  on  the  output  shaft.) 


Remove  differential  carrier  and  power  divider  assembly  from  axle  housing 
with  the  following  procedure: 

1,  Disconnect  lockout  connections 

2..  If  axle  is  2-speed,  rernove  shift  unit  to  differential  carrier  nuts  and  flat 
.  t  washers 

3.  Disconnect  electric  wire  or  tubing  as  necessary  tb  permit  removal 
of  shift  unit  ' 

4.  Remove  carrier  to  axle  housing  stud  nuts'and  lockwashers 

5.  Lift  and  pull  differential  carrier  and  power  divider  assembly  out  of  axle 
housing 

(CAUTION:  The  carrier  and  divider  assembly  are  very  heavy  and  must 
be  lifted  and  moved  with  special  car6;  the  best  way  is  to  rig  a  chain  sling 
and  lift  the  entire  assembly  with  a  hoist  that  can  safely  transport  it  to 
the  repair  stand.)  .  ^ 

Stop  -at  this  point  and  have  your  instructor  cheik  and  initial  your  procedure 
and  safe  practice  % 


NSTRUCTOR  CHECK:  Procedure)     [Safetyj     |lnitials|   •  | 


Disassemble  the  differential  carrier  and  power  divider  with  the  following 
procedure:  ^ 

1.  Make  a  preliminary  inspection  of  units;  if  ring  gear  and  drive  pinion  are 
satisfactory,  check  backlash  and  tooth,  cpntaqjt  pattern  for  easier 
adjustment  at  time  of  reassembly 
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2.  Remove  career  cover  to  differential  carrier  cap  §crews  and  lockwashers, 
then  remove  carrier  cover  assembly  (Figure  1) 


FIGURE  1 


3.   Lift  inter-axle  differential  off  output  shaft  side  gear  (Figure  2) 


FIGURE  2 


4» 


INTER  AXLE 
DIFFERENTIAL 


Drive 

PINION 


4.  Before  disassembling  inter-axle  differential;  punch  mark  cases  for 
correct  position  during  reassembly 

5.  Remove  locknuts  and  bolts  W  ' 

6.  If  lockwire  is, used,  cut  wire  and  remove  nuts  and  bolts 

7.  Separate  cases  and  remove  thrust  washers,  side  pinions','  bushings, 
and  spider  -      1  ' 
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Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]     |safety|  ^Initialsp"""] 

Remove  and  disassemble  output  shaft  with  the  following  procedure: 

✓  * 

1.  If  output  shaft  holdout  spring  and  thrust  washer  are  upd,  remove 
and  discard  % 

> 

2.  lift  output  shaft  assembly  from  differential  carrier,  tapping  at  com- 
panion flange  end  of  shaft  (Figfitp  3)^ 

3.  Remove  bearing  cup  f^om  carrier  (Figure  3)  * 


FIGURE  3 


\OUTPUT 
SHAFT  $, 
ASSEMBLY, 


u 


4.  Disassemble  output  shaft  by'removing  snapring,  then  lifting  off  side 
-  gear  assembly  (Figure  4)  t 


32$ 


.  JOB  SHEET  #8 


t 

5.  Discard  output  shaft  M0"  rings  (Figure  4) 
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FIGURE  4 


SIDE  GEAR 
ASSEMBLY 


6,  If  replacement  is  necessary,  remove  bushing  from  bore  of  output 
shaft 

7>  Remove  output  shaft  front  bearing  cone  from  side  gear 
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8.  Place  side^ear  assembly  in  press  with  split-type  puller  plates  under 
front  bearing  cone,  then  press  side  gear  out  of  front  bearing  cone 
(Figure  5)  \ 


shaft,  then  lift  off  helical-side  gear,  helical-side  gear  thrust  washer,  and 
"D"  washer  (Figure  6}  J 
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i 

1-1.  Remove  cotter  pin,  nut,  flat  washer,  and  jnput  companion  flange 
from  input  shaft  (Figure ,7)  • 


FIGURE  7 


&  INPUT.  Ji'^  ^/  v 


12.  Remove  input  shaft  bearing  cover  to  differential  carrier  co>fer  cap 
screws,  then  lift  off  bearing  cover  assembly  and  shims  (Figure  8) 


FIGURE  8 


13.  Note  size  and  quantity  of  shims  for  easier  adjustment  during  reassembly 
(Figure  8)  * 

14.  Remove  oil  seal  and  bearing  cup  from  bearing  cover  (Figure  8) 
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15.  Lift  input  shaft  assembly  out  of  carrier  cover,  disengaging  the  shaft 
from  the: Sliding  cfutch,  and  remove  flange  spacer  washer  (if  (feed)  from 
input ahaft  (Figure  9)  .   ~  ~ 


FIGURE  9 


16.  To  remove  bearing  cone  from  input  shaft:,  temporarily  place  sliding 
clutch  on  shaft,  teeth  toward  the  bearing  cone,  then  press  shaft  out  of 
cone  (Figure  10) 


FIGURE  10 
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G.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 


NSTRUCTOR  CHECK:  Procedure]     |safety[     [initials]  | 


H.    R emovetockoul  (aii-uperated  type)  with  th'o  following  procedures 


K  'Remote  nuts,  lockwashers,  and  cover  from  shift  cylinder  body  (Figure 

11)  j  \  \    .  ' 

2.  Remove  nut  and  flat  washer  from  push  rod  (Figure  1 1 ) 

3.  Remove  cap  screws,  lockwashers,  shift  cylinder  body  assembly,  gasket, 
,  and  compression  spring  from  carrier  cover  (Figure  11) 

4.  Remove  and  check  strainer  plate  vent  screens  and  felt  for  plugged 
condition,  and  clean  or  replace  parts 

5.  Remove  shift  fork  and 'push  rod  assembly,  and  input  shaft  sliding 
clutch  from  carrier  cover  (Figure  12) 

FIGURE  11        f  FIGURE  12 
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I.     Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure|     |safety|      [initials]  j 
J.     Remove  cotter  ftin  and  loosen  drive^ginion  helical  gear^put  before  removing 


differential  assembly 


K,  Remove  and  disassemble  axle  differential  by  referring  to  appropriate  Service 
manual  for  Single  Reductipn,  2 -Speed",  or  Planetary  double  Reduction  Axles 

(NOTE:  If  oil  distributor  is  used,  be~sure  to  remove  pipe  plug,  spring,  and 
distributor  from  carrier  before  attempting  to  remove  differential.) 

L  Remove  and  disassemble  drive  pinion  by  referring  to  appropriate  service 
manual  for  Single  Reduction,  2-Speed,  or  Planetary  Double  Reduction 
Axles,  except  for  the  following  variations: 

1.  The  drive  pinions  for  the  single  drive  axles  are  equipped  with  com- 
panion flanges;  for  this  type  installation,  the  pinion  bearing  cage ^cap 
screws  are  accessible  to  permit  removal  of  pinion  with  flange  assembled 

2.  The  drive -pinions  for  "D"  Series  Tandem  Axle  units  are  equipped 
j\wit|r .  a  helical  gear,  which  must  be  removed  to1  gain  access  to  pinion 

beanrrg  cage  cap  screws;  therefore,  to  remove  drive  pinion,  remove  nut 
(previously  loosened  before  differential  removal) 

(NOTE:  See  Figure  13  on  following  page  for  parts  references  for 
removal,  disassembly,  and  assembly,,  and  reinstallation  of  drive  pinion.) 

3.  MauQjLbe.aring  puller  on  helical  gear,  gripping  gear  with  puller  legs  and 

^placing  pujler  screw  against  pinion,  then  pull  gear  off  pinion 

.  4.   Remove  pinion  bearing  .cage  cap  screws,  then  remove  drive  pinion 
assembly 
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FIGURE  13 
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M.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe,practice 


INSTRUCTOR  CHECK:  Procedure]      |safety|     |lnitials|  | 


er|c 


N.  Assemble  and  reinstall  drive  pinion  by  referring  to  appropriate  service 
manual  for  Single  Reduction,  2-Speed,  or  Planetary  Double  Reduction 
Axles,  except  for  the  following  variations:  *  '   

1.  The  drive  pinions  or  the  standard  axle  units  are  equipped  with  com- 
panion flanges;  the  pinion  bearing  cage  cap  screws  are  accessible  to 
permit  installation  of  pinion  with  companion  flange  installed 

2.  The  drive  pinions  for  the  ,!D"  Series  Tandem  Axle  units  are  equipped 
.with  a  helical  gear  (refer  to  Figure  13),  and  the  bearing  cap, screws 

cannot  be  reinstalled  with  helical  gear  attached  to  drive  pinion 

3.  Install  pinion  in  "D"  Series- Tandem  Axle  units  with  helical. gear  re- 
moved u. 

4.  After  pinion  is  installed,  then  place  helical  gear  on  pinion 

5.  Install  and  tighten  pinion  nutJto  correct  torque,  then  install  cotter  pin 

0.  Assemble  and  reinstall  axle  differential  by  referring  to  appropriate  service 
manual  for  Single  Reduction,  2-Speed,  or  Planetary  Double  Reduction  Axles 

(NOTE:  If  oil  distributor  is  used,  be  sure  to  install  oil  distributoryspring,  and 
pipe  plug  before  installing  differential  carrier  cover.) 

P.  Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]      [safetyj     |lnitials|  | 

Ou    Assemble  and  reinstall  output  shaffwith  the  following  procedure:  . 

1.  If  removed,  press,  front  bearing  cup  in  differential  carrier  and  bushing  in 
bore  of  output  shaft 

s 

(NOTE:  These  ppwer  divider  components  should  be  assembled  and 
reinstalled  only  after  drive  pinion  and  axle  differential  are  assembled  in 
the  differential  carrier  and  properly  adjusted.) 

2.  Press  front  bearing  cone  on  output  shaft  side  gear 

(NOTE:  Refer  to^Ptgure-44  oty  the  following  page  for  parts  references 
for  this  procedure.)  -  * 
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FIGURE  14 
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3.  Install  rear  snapring  (adjacent  to  J,On  rings)  on  output^jfiaft 

4.  Place  side  gear-assembly  on  output  shaft 

5.  Install  front  snapring 

6.  Install  two  "O11  rings  in  grooves  of  output-shaft 

7.  Lubricate  output  shaft  "O"  rings,  front  bearing,  and  bushing 

8.  Install  output  shaft  assembly  in  differential  carrier  by  placing  front 
ben^ripg  cone  on  bearing  cup  in  bore  of  carrier 


PT-713 


JOB  SHEET  #8 


R.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure" 
^and  safe  practice  ► 

\lN^RUCTOR  CHEpK:  Procedure[~H|safety|     ^Initials]  | 

S.    Assemble  and  reinstall  inter-axle  differential  with  the  following  procedure- 
.(Figure  15): 

1.  Install  bushings,  side  pinions,  and  thrust  washers  on  journals  of  differ- 
ential spider 

s 

(NOTE:  Lubricate  interal  parts  of  inter-axle  differential  during  re- 
assembly.) 

2.  Place  spider  assembly  in  male  differential  case 

3.  Install  female  differential  case,  aligning  punch  marks  made  during 
disassembly,  and  secure  assembly  with  bolts  and  nuts 

4.  Tighten  nuts  to  correct  torque 

5.  Place  inter^axle  differential  on  the  output  shaft  side  gear  which  is 
mounted  on  output  shaft 

6.  Position  differential  with  nuts  away  fromoutput  shaft  side  gear 
FIGURE  15 
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T«    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice  1 

INSTRUCTOR  CHECK:  Procedure]     |safety|     [l nitials[  [ 


U.    Install  lockout  (air-operated  type)  with  the  following  procedure  (Figure  16): 

1.  Install  push  rod,  seal  retainer,  and  felt  seal  in  carrier  cover 

2.  Engage  shift  fork  with  groove  in  input  shaft  sliding  clutcfi,  then  place " 
this  assembly  In  carrier  cover 

* 

(NOTE:  Before  installing  cylinder  body,  makp' certain  strainerplate 
vent  screens  and  felt  are  clean.) 

3.  Place  compression  spring  gasket  and  shift  cylinder  body  over  gasket  rod 
and  on  carrier  cover,  secure  body  with  cap  screws  and  lockwashers,  and 
tighten  screws  to  correct  torque  ' 

(NOTE:  Prior  to  assembly,  the  piston  felt  oilers  should  be  soaked 
in  SAE-30  oil  for  one  hour.)  #  * 

4.  Install  felt  oilers  and  grommet  on  piston,  then  insert  piston  assembly  in 
body  and  on  push  rod 

'5.  Place  grommet  on  push  rod,  then  install  flat  washer  and  nut,  and 
tighten  push  rod  nut  to  20-26  ft  lb  torque 

6.  Install  grommet  on  cylinder  body  cover,  then  install  cdver,  lockwashers, 
and  nuts,  and  tighten  cover  n(itsto9-11  ft  lb  torque^ 


FIGURE  16 
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V.    Stop  at  this  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

'  INSTRUCTOR  CHECK:  Procedure|     |sa^ety[~^]lnitials|  | 

t 

W.    Assemble  and  reinstall  input  shaft  with  the  following  procedure  (Figure  17): 

1.  Press  tapered  roller  bearing  cone  on  threaded  end  of  the  input  shaft,  ' 
making  certain  the  bearing  cone  is  fully  seated 

2.  Place  input  shaft  and  bearing  assembly  in  differential  cover  engaging  the 
sliding  clutch 

3.  PJace  "D"  washer  on  shaft  so  that  it  seats  properly  on  the  flatted 
surface 

4.  Lubricate  and  install  thrust  washer  against "  D"  washer 

5.  Lubricate  and  install  the  helical  side  gear  and  bushings  assembly  on 
shaft  - 

6.  Install  snaprin$H6  input  shaft  groove  to  secure  the  parts  previously 
assembled 

(NOTE:  Figure  17  appeals  on  the  following  page.) 

X.    Stop  at  this,  point  and  have  your  instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure|~~^Safety|      [initials]  | 
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FIGURE  17 
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Y.    Reinstajl-differential  carrier  cover  with  the  following  procedure: 

1.  Clean  gasket  surface  on  differential  earner  and  install  new,  dry>gasket 

2.  Place  carrier  cover  assembly  on  differential  carrier,  aligning  dowel  pins 
with  holes  in  cover 

3.  During  assembly  of  cover  to  carrier,  slowly  rotate  the  input  shaft  to 
allow  the  shaft  splines  to  align  With  and  engage  the  splines  in  the  bore 
of  the  inter-axle  differential* spider 

4.  Install  two  cover  cap  screws,  one  on  each  side  of  cover,  and  tighten 
evenly,  watching .foUA^ibteJu  carrier. 

5.  If  the  cover  assembles  to  the  carrier  without  binding,  install  the  remain- 
ing cap  screws  and  tighten  to  1 15  to  124  lb  ft  torque 

•  (NOTE:  Make  certain  oil  drain  back  holes  are  clean  and  aligned  when 
assembling  the  following  parts.) 

jbricate  anck  install  bearing  cup  and*  oil  seal'  in  the  bearing  cover 

7.  Clean  and  lubricate  the  tapped  holes  and  cap  screws  to  assure  correct 
tightening  torque  values  during  the  procedure  that  follows 

8.  Lubricate  the  bearing  cone  and  install  the  bearing  cup,  seal,  and  cover 
assembly  on  thecarrier  cover 

9.  Install  the  bearing  cover  cap  screw  without  lockwashers  and  torque 
evenly  to  45  in  lb  torque 

10.  Using  the  companion  flange,  rotate  the  input  shaft  one  quarter  turn  in 
each  direction  ^several  times  to  seat  the  bearing  cones  into  their  cups, 
and  recheck  cap  screw  torquesjo  45  in  ib  totrque 

(NOTE:  From  this  point  on,  until  the*completion  of  step  14,  do  not 
rotate  .the  input  shaft.) 

.11.  Using  a  feeler  gauge,  measure  the  clearance  between  the. bearing  cover 
and  the  carrier  cover;  this  clearance  plus  0.015  inch  should  equal  the 
thickness  of  shjms  for  the  correct  bearing  clearance 

12.  Remove  the  bearing. cover  and  install  the  indicated  shim  pack  as  deter- 
mined in  step  11  * 

13.  Using  a  suitable  sealer  on  the  cap  screw  threads,  instalTthe  cap  screws 
n  and  lock  washers,  and  tightervcap  screws.to  75-85  ft  Ib  torque4 
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14.  Check  the  end  play  of  the  input  shaft  by: fastening  a  dial  indicator 
to  the  carrier  cover  and  mounted  against  the  end  of  the  input  shaft  so 
as  to  read  the  axial  (in  and  out)  movement  of  the  input  shaft 

(NOTE:  Do  not  attempt  to  measure  end  play  by  moving  the  -input 
shaft  up  and  down  or  side  to  side,  as  this  will  result  in  an  incorrect 
reading.)  f  4 

<» 

15.  Using  hand  pressure,  push  In  and  pull  on  the  input  shaft,  noting  the 
total  axial  movement  reading  of  the  dial  indicator;  the  indicated  end 
play  movement  should  be  between  .003"  to  .007"  ,  \ 

16;  If  therreading  is  not  within  the  above  limits,  adjust  end  play  by  either 
adding  to  or  removing  the  required  amount  of  shims  from  under  the 
bearing  cover  assembly  to  gbtain  the  specified  clearance  of  .003"  to 
.007"  • 

17.  'After^dding  or  removing  shims,  recheck  end  play* with  the  procedure 
previously  described 

18.  Install  flange  spacer  washer  (if.  used),  companion  flange,  hardened 
flat  washer,  and  nut  on  input  shaft,  and  tighten  nut  to  500-700  ft  lb 
torque  and  install  cotter  pin 

(NOTE:  The  proper  function  of  the  'power  divider  assembly  car^be 
checked  by  holdinQ  the  output  shaft  stationary  and  making  certain 
the/input  shaft  can  be  rotated.) 

19.  Check  to  make  certain  a  spacer  washer  is  placed  between  the  bearing 
cone  and  the  companion  flange,  if  required 

(NOTE:  All  50D,  D340,  D380,  and  D400  Seriep^model  axles  utilize 
such  a  spacer  washer;  other  models  do  ggt.) 

Z.    Stop  at  this  point  and  have  your  Instructor  check  and  initial  your  procedure 
and  safe  practice 

INSTRUCTOR  CHECK:  Procedure]      |safetyp^lnipls|  | 

AA.  Install  differential  carrier  and  power  divider  assembly  into  axle  housing  with 
4   the' following  procedure:  - 

.  1 ,  Place  new  carriergasket  on  differential  carrier 

2.  Install' differential  carrie^  and  power  divider  assembly  in  a^le  housing 

3.  Instil  lock  washers  and  tighten  stud  nuts  to  correct  torque 
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BB.  Assemble  and  install  axle  housing-  cover  with  the  following  procedure: 

1.  Before  installing  axle  housing  cover,  assemble  cover  as  follows  (rpferto 
Figure  14),:  '  # 

[  Si 

•  a)    Press  output  shaft  rear  bearing  in  cover  ~~ 
b)     Install  snapring  to  secure  bearing 
.  c)     Press  oil  seal  in  same  opening  in  axlejibusing  cover 

2.  Place  new  cover  gasket  .on  axle  housing  and  install  axle  housing  cover 
,         assembly,  taking  care  not  to  damage  oifseal 

3.  Install  ,stud  nuts  and  lockvteshefs,  and  tighten  stud  nuts  to  correct 
torque 

4.  Install  rear  bearing  sleeve  on  output  shaft 

5.  Install  retainer  washer,  output  companion  flange,  flat  washer,  and  nut 
or),  output  shaft 

\     6.  Tighten  nut  to  correct  torque  .and  install  cotter  pin 

CC.  Install  shafts  and  controls,  and  lubricate  "with  the  following  procedure: 

1.   Install  a>de  shafts  and  filf  axle  with  correct  lubricant. 

(MOTE:  Check  Maintenance  Manual  EA-20  for  lubrication  specifica- 
tions.) *  • 

.  '  2.  Connect  propeller  shafts  to  companion  flanges 

3.  If  axle  is  2-Spee'd,  install  seal,  spring,  and  shift  unit  pn  carrier  • 

4.  Make  certain  shift  fork  actuating  leve*  engages  slot  in  shift  fork 

5.  Install-  stud  nuts  and  flat  washers,  and  tighten  nuts  to  correct  torque 

'  6.  Connect  tubing  or  wiring  to  shift  unit  as  necessary 

DD.  Stop  at  this  point  and  have  your  instructor.check  and  initial  your  procedure 
and  safe  practice  '  r 
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DIFFERENTIALS  AND  FINAL  DRIVES 
UNIT  VII 

JOB  SHEET  #9~DISASSEMBL£  A  PLANETARY  GEAR  ASSEMBLY  OUTER  ENDS 

(NOTE:  Procedure  and  illustrations  courtesy  Rockwell  International.) 

I.  Tools  and  equipment  tf  • 

A.  Basic  hand  tools 

B.  Floor  jack 

C.  Jack  stands  ^ 

D.  Socket  set,  3/4"  drive 
'  E.-  Socket  set,  1/2 *  drive 

F.  Drain  pan 

G.  Shop  towels 

*         H.    Appropriate  service  manual 

I.     Safety  glasses 

II.  Procedure  * 

(NOTE:  Check  service  manual  for  the  specific  assembly  your/are  working  with; 
procedures  vary  from  manufacturer  to  manufacturer.) 

A.    Jack  up  both  ends  of  axle  so  that  tires  clear  the  ground 

•  JJ.    Put  jack  stands  underlies  . 

C.  Remqvethe  wheel  nuts  or  rim  Jug  runs  where  employed 

D.  Remove  the  tire  and  wheel. or  tire  or  rim  where  emplcfyed  * 

E.  Rotate  hub  assembly  §o  that  the  drain  plug  is  at  the  bottom  (Figure  1) 
:  DraHug  ^w^fl 

FIGURE  1 
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F.  ^Remove  the  drain  plug  and  drain  lubricant,  removal  of  level  plug  will  aid  in 
,  '  draining 

G.  Disassembly  of  planetary  assembly 

1    Remove  the  planetary  wheel  cover  cap  screws  and  wheel  cover  (Figure 

2)     *  <  .  - 


2>  Remove  the  planetary  spider  stud  nuts  and  lock  washers  (Figure  3) 
FIGURE  3  ' 
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3.  Separate  and  remove  planetary  spider  assembly  from  wheel  hub  assem- 
bly (Figure  4) 

(CAUTION:  Assembly  is  very  heavy;  handle  with  care.) 


FIGURE  4 


Spider 
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Planet  Gears 


#.     (NOTE:  Use  puller  screws  in  threaded  holes  when. provided  in  the 
spider  flange  [Figured] . ) 

H.    Disassemble  planetary  spider  assembly  m- 

1.  Press  out  the  planet  gear  pins  as^hown  (Figure  5) 

(NOTE:  Planetary  spur  gears  rotate  on  plapet  pins.  Each  gear  rotates 
between  thrust  washers.) 

FIGURE  5  ~.  * 
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2.  Remove  the  planet  gears' and  their  respective  thrust  washers  (Figure  6) 


FIGURE  6 


Thrust  Washer 


f  A 

^fSnet  Gear  Pins  ~\  ^y  + 


Planet  Gears 


-Thrust  Washer 


,  (NOTE:  Thrust  washers  are  designed  for  opposite  "sides  of  planet 
gears  and  can  only  be  installed  in  their  .correct  locations.) 

I.      Remove  the  floating  ring  gear  assembly 

1.  Remove  the  lock  ring  or  snap  ring  from  end  of  axle  shaft, and  remove 
the  axle  shaft  sun  gear  and  thrust  washer  (Figure  J) 


FIGURE  7 
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2:   Remove  *the  wheel  bearing  lock  nut  and  Wheel  bearing  adjusting^nut 
(Figure  7)" 

* 

(NOTE:  Wheel  bearing  adjusting  nuts  are  all  of  the  single  nut  construc- 
tion and  may  be  locked  to  the  hub  spindle  in  different  methods  de- 
pending on  model,) 

3,  Remove  the, floating  ring  gear  assembly  (Figure  8) 

(NOTE:  JJse  the  puller  screw  hole's  provided  in  the- ring  gear  hub.) 


4.  Separate  the  ring  gear  and  ring  gear-hub  by  removing  look  yvire,  cap- 
screws,  and  plates  (Figure  d) 
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5.   Remove  outer  wheel  bearing  from  ring  gear  hub  (Figure  9) 
Remove  planetary  hub  spindle 

(NOTE:  It  is  not  necessary  to  disassemble  the  brake  assembly  to  remove 
hut)  spindle  on  some  models.) 

1 .  Remove  bolts,  nuts  and  lock  washers  from  hub  spline  and  brake  assem- 
bly (Figure  10)' 


Retainer  Assembly 


2.   Remove  hub~spindle  retainer  and  oil  sefcl  (Figure  11) 

> 

FIGURE  1 1  . 
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JOB  SHEET  #10~CLEAN  AND  INSPECT  PARTS  OF  A  PLANETARY  AXLE 

Tools  and  equipment 

A.  Solvent 

B.  -   Solvent  wash  container 

C.  DropMight 

D.  Clean  shop  towels 

E.  Safety  glasses 
Procedure 

A.  Inspecjt  planetary  axles 

B.  Inspect  all  bearing  cups  and  cones 


C.    Inspect  the  planetary  reduction,  planet  gears,  sun  gear,  and  ring  gear  assembly 
^for  wear  or  damage  * 

D>    Inspect  planetary  reduction  for: 

1.  Pitted,  scored,  or  worn  thrust  washers 

2.  Worn  or  ridged  planet  pinion  pins  .  % 
•    3.  Torsional  fractures  or  other  signs  of  failure  in  axle  shafts 
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JOB  SHEET  #  11  ~  R E ASSE MB LE  A  PLANETARY  GEAR  ASSEMBLY 
(NOTE:  Procedure  and  illustrations  courtesy  Rockwell  International.) 

Tools  and  equipment  . 

A.  Basic  hand  tools  , 

B,  Socket  set,  1/2!'  drive 
C:    Torque  wrench 

D.  t    Shop  towels  ; 

E.  Safety  glasses 
Procedure 

A.    Install  new  seal  from  outer  end  with  suitable  .driver  if  replacement  of  the 
spindle  inner  oil  seal  is  necessary  (Figure  1) 

** 

FIGURE  1 


Oil  Seal 


B.  Install  the  inner  wheel  bearing  or  cone  on  the  hub  spline 

C.  Position  the  hub  spindle  and  wheel  bearing  assembly  on  the  brake  assembly 
(knuckle  flange  studs)  %*  t  ■  i 

D.  Place  the  oil  seal  and  retainer  assembly  over  the  studs  and  install  the  flat 
washers  and  stud  nyts,  and  tighten  nuts  to  correct  tdrque 
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Assemble  floating  ring  gear  assembly 

1 .  Install  spiined  ring  gear  hub  into  the  ring  gear  splines 

2.  Install  the  hub  to  gear  connecting  plates  and  capscrews  and  tighten  to 
correct  torque 

3.  Install  outer  wheel  bearing  on  ring  gear  hub  ^ 

Assemble  hub  and  drum  assembly  and  install  to  procedure  as  outlined  in 
previous  job  sheet 

Assemble  planetary  spider  (Figure  2)  " 

J 

1..  Place  the  planetary  spider  cage  on  a  bench 

2.  Align  inner  thrust  washer  hole  vyith  planet  pin  hole  so  that  locating  tab 
of  washer  lies  in  spider  indent 

'  3.  Slide  in  planet  gear  and  outer  thrust  washer  and  align  bores       v  . 

4.  Press  in  the  planet  piri,  small  diameter  end  first 

5.  Outer  end  of  pins  must  be  turned  so  that  the  machined  flat  is  to  the 
outside  of  hub  circle 

6.  Planet  pins  should  be  pressed  through  until  the  shoulder  of  pin  butts 
thrust  washer 
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H.  Install  spider  and  pinion  assembly 

1.  Install  spider  to  hub  gasket    •  . 

2.  Start  the  spider  and  pinion  assembly,  aligning  teeth  of  planet  pinions 
with  sun  gear  and  ring^§ear  teeth  v 

3.  Align  hub  onto  studs  and  push  spider  assembly  onto  studs 

4.  Install  lock  washers  and  nutsand  tighten  to  cocrect  torque 

I.  Install  new  cover  gasket,  and  install  hub  cpver,  and  tighten  to  correct  torque  • 
J.     Check  lubricatibn  and  refill  to  manufacturer's  specification 


.a  | 
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JOB  SHEET  #12»ADJUST  A  PLANETARY  GE/VR  BEARING  PRELOAD 
(NOTE:  Procedure  ,and  illustrations  courtesy  Rockwell  International.) 

Tools  and  equipment 

A.  "  Torque  wrench  < 

B.  Roll  of  soft  v\cire 

C.  Basic  hand  tools  - 

D.  Socket  set,  3/4"  set 

E.  Safety  glasses 

F.  Pull  seal 
Procedure 

A\    Tighten  the  adjusting  nut  against  the'ring  gear  to  manufacturers  specifica 
tior>  while  the; wheel  is  bpmg  ro/at£d  (Figure  1) 

.  FIGURE  1 


-   B.~  Back  off  adjusting  jiut  1/4  turn  to  reJie^T>«il|)a*orr  bearing  ' '  , 
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~+C.    Check  the  rotating  torque  by  means  of  a  pull  scale  and  cord  and  advance 
^       the  adjusting  nut  in  small  increments  until  the  proper  preload  for  therpartic- 
.  ular  axle  model  (Figure  2) 


FIGURE  2 
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JOB  S^EET  #13--PERFORM  PREVENTIVE  MAINTENANCE 
ON  DIFFERENTIAL  AND  FILIAL  DRIVES 


Tools  arurequipment 

A,  /Basic  hand  tools 

B.  t  Drop  light 
C«  Creeper 

«  » 

D.  Shop  towels 

E.  Drain  pan 
SE.    Safety  glasses 

Procedure 

A.  Check  for  proper  oil  level  (Figure  1) 
FIGURE  1 


YES 


Courtesy  Transmission  Division,  Eaton  Corporation 


(J  f~ 

0  o 


JOB  SHEET  #13 

*  -  i 

Drain  oil  if  required 

1.  Drain\vhile  warm 

2.  Remove  drain  plug  at  bpttom  of  case 
*3.  Cfean  drain  plug  before  re-installing. 

4.   Install  drain  plug  -    ^  " 

Refill  bil  if  required  .  " 

1.  Cleap  area  arotind  filler  plug  and  remov^plug  from  side  to  side  * 

2.  Fill  case  to  the  level  of  the  filler  opening 

Add  only  recommended  oil;  do  not  mix  brands  or  different  grades 

Check  with  manufacturer's  specification  on  what  types  of  lubricant  to 
use  at  different  temperatures  and  load  ranges 

Check  to  make  sure  axle' vent  is  not  clogged  when  chetking  oil  level 

J 
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JOB  SHEET  #1 4-ASSEMBLE  AJR  LINE  WITH  REUSABLE  FITTING  (FLARED) 


II. 


Tools  and  equipment 
A.    Basic  hand  tools 

4 

tB.    Roll  of  copper  tubing 

C.  Tublnjcutter 

D.  Flaring  tool 

E.  Shop  towels 

F.  Nylon  fittings  as  provided^  instructor 

G.  Safety  glasses 

Procedure  % 

A.    Place  roll  (rf .tubing  on  a  clean  bench  in  an  upright  position,  hold,  the  free  end 
with  one  hand  and  unroll  the  tubing  with  other  hand  (Figure  1) 

FIGURE  1 


B     Select  the  length  of  tubing  needed  for  job  and  cut  With  t^ing  cutter  (Figure 

■2)  ,       -  ■  % 

FIGURE  2 


Illustrations  courtesy  Goodheart-Willcox,  copyright  1969;  reprinted  with  permission 


JOB  SHEET  #14 


C.    After  cutting  the  correct  length  of  tubing  th<  ends  will  have  to  (?e  flared 
(Figure  3)       ^  '  ~  * 


(CAUTION:  Before  flaring  tubing  select  the  size  and  type  of  connector 
nut  and  slide  them  on  tubing  before  flaring.) 

/       .  ■  . 

✓  D.  .  Align  the  tubing  With  the  fitting,  and,.shove  the  flare  against  the  fitting  seat 
and  run  the  nut  up  finger  tight  (Figure  4) 


FIGURE  4 


E.    Use  a  flare  nut  wrench  and  tighten  nut  up  solidly  uAtil  you  feel  a  metal-to- 
metal  contact,  at  this  point  give  the  nut  an  additional  60°  turn 


Illustrations  courtesy  Goodheart-Willcox,  copyright  1969;  reprinted  with  permission 
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JOB  SHEET  #15--ASSEMBLE  AIR  LINE  WITH  COMPRESSION  FITTINGS 


•  r 


Tools  and  equipment 

A.  Basic  hand  tooli 

B.  Roll  of  tubing  (copper,  rigjid  plastic) 

C.  Tubing  cutter 

D.  Shop  towels 

E.  Safety  glasses 
Procedure  " 

A.    Cut  tubing  length  that  is  needed  to  do  job  ^ 
"  B.    Slidethe  nut,  followed  by  the  sleeve,  on  the  tubing  (Figure  1) 


FIGURE  1 


SLEEVE  PINCHES  TUBING 


SLEEVE 


BODY 


C.    Align  the  tubing  with  the  fitting,  and  insert  the  tubing  as  far  as  it  will  go  into 
the  fitting 


-DTNyVhile  holding  the  tubing  in,  run  up  the  nut  finger  tight 


-  \ 


Dvj 


m 
740  . 


JOB  SHEET  #15 


„  ,  E,  "  Use  a  flare  nut  wrench,  bring  up  nut  until  the  sleeve  just  grasps  the  tubing, 
then  turn  nut  additional  one  and  one-quarter  jurn 

1NOT.E:  On  soft  plastic  tubing  a  special  insert  is  placed  in  the  end  so  as  not 
to  crush  the  tube  [Figure  2] .) 


FIGURE  2 


NUT  SLEEVE 


8  aU  f^—f 


Courtesy  Gpodheart-  Willcox,  copyright  T969;  reprinted  with  permission 
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DIFFERENTIALS  AND  FINAL  DRIVES 
UNIT  VII 


NAME 


TEST 


1.  Match  terms  on  right  with  Ihe  correct  definitions. 


a. 


b. 


c. 


Arrangement  of  gears  connecting  two  shafts 
or  axles  in  the  same  line,  dividing  the  driving 
force  equally  between  them,  and  permitting 
one  shaft  to  revolve  faster  than* the  other 

The  lasfphase  of  the  power  train;  it  gives  the 
final  reduction  in  speed  and  increase  in  torque 
to  the  drive  wheels 

Distance  that  one  gear  can  be  moved  back 
and  forth  without  moving  the  gear  into 
which  it  is  meshed  ] 


d.  Name  given  to  the  bevel  gear  in  a  differential, 
and  the  gear  which  eurrounds  or  rings  the 
sun  and  plafiet  gears  in  a  planetary  system 

*# 

e.  A  gear  that  is  similar  in  appearance  to  spftal 
bevel  gear/  but  the  driving  gear  is  located 
below  the  center  of  the  driven  gear 

f.  A  small  gear  having  the  teeth  formed  in 
the  hub;  it  drives  a  larger  gear 

g.  Adjusting  antifriction  bearing  so  that -  it 
is  under  mild  pressure;  this  prevents  bearing 
looseness  under  a  driving  stress 


Distance  separating 
are  meshed  together 


two   gear  teeth  that 


i.  A  method  of  testing  the  wiping  action  be- 
tween ring*gear  and  pinion  gear  to  determine 
if  they  are  prope/ly  adjusted 

j.  A  gearing  unit  consisting  of  a  ring  gear  with 
internal  teeth,  a^  sun  or  central  pinion  gear 
with  external  teeth,  and  a  series  of/planet 
gears  that  are  meshed  with  both  the  ring  and 
the  sun  gear 

.k/ Small  gears  mounted  on  a  shaft  pinned  to 
the  differential  case;  they  mesh  with,  and 
drive,  the  axle  end  gears      -  * 


1.  Hypoid  gear 

2..  Gear  tooth 
clearance 

3.  Ring  gear 

4.  Preload      1  - 

5.  Planetary 
gearset 

6.  Differential 
pfnion 

7«  Backlash 

8.  Differential 

%  Pinipn 

10.  Tooth  contact 
pattern  test 

11.  Pinal  '  f  ' 


7 


r 


9 

ERIC 


Match  types  of  differentials-and  final  drives  with  their.definitions. 

.1, 


a.  -  Rear  axle  assembly  with  single  reduction 

through  ring  gear  and,  drive  pinion 

b.  Rear  axle  assembly* with  two  reductipris; 
one  through  ring  and  drive  pinion,  ■  one 
through  a  set  of  helical  gears 

c.  Rear  axle  assembly  with  two  gear  ratios 
for  various  road  and  lo^ad  conditions 

d.  Rear,%axle  assembly  incorporating  two  single 
axle  units  and  power  divider  interconnected 
by  a  propeller  shaft 

e.  Rear  axle  assembly  with  two  reductions; 
one  thrpugh  ring  'gear  and  drive  pinion, 
one  through  planetary  gearing 

_f.  Rear  axle  assemblies  which  are  more  durable 
since,  torque  loads  are  spread  more  evenly 
over  several  gears 


2. 
3. 
4, 
5. 
6. 


Tandem  drive 
axle  "   •  , 

Planetary  dpuble, 
reduction  axle 

Double  reduction 
axle  , 

Planetary  drive 
axfe" 

Single  reduction 
a\le 

2-speed  axle 


Identify  the  parts  of  a  gear  tooth  in  the  following  drawing. 


Match  the  methods  used  to  evaluate  gear  tooth  contact  patterns  with  the  correct 

diagrams. 

1 .  Toe  contact-To  correct  movegear 
away  from  pinion 

2.  High  tooth   contact-To  correct 
"  a.                              ♦                  move  pinion  toward  gear 

3.  Heel   contact-To  'correct  more0 
,   gear  toward  pinion 

4.  Ideal  contact 

5.  Low   tooth   contact-To  correct 
.  move   pinion   away   from  gear 

/ 


DRIVE 


DRIVE 


C, 


DRIVE 


COAST 


COAST 


COAST 


DRIVE 


COAST 


'  DRIVE 


COAST 


Identify  parts  of  a  differential  by  correctly  labeling  the  unnamed  parts  in  the  following 
illustration. 

'  ■/  ■ 


1/  <s  ' 


Diff.  Bearing  Adjuster 


C.  '  / 


Side  Pinion  Thrust  Washer 

•         Sid*  Gear 
Sid*  Gear        Side  Pinjpn 


Diff.  Carrier  tnd  Bearing  Cap 
i  v  Oitf.  Bearing  Adjuster 


Side  Gtar  Thrust  Rasher  ^ 

^SV\^®      "        Oltt.  BttringCup 


\  / 


Diff.  Bearing  Cone 


Side  Gear  Thrust  Washer 


Diff,  Bearing  Cone  * 
Diff.  Bearing  Cup 


Pinion  Bearing  Spacer 

Pinjon  Bearing 
(Cone  &  Cup) 


Pinion  Beenng  Cage 

Pinion  Bearuig  (Cone  &  Cup) 

Pinion  Seal  &  Retainer 


Identify  parts  of°-a  planetary  gearset' and  write  correct  answers  in  blanks  provided. 


a.  The  center  gear  in  mesh  with^  the  planet  *  1.  Ring  gear 
gears                               :[  ■ 

2.  Planet  gear 

b.  Those  gears  in  a  planetary  gearset  that  are  in     *  v 
mesh  with  both  the^  ring  and  the  sun  gear  ■  3.  Sun  gear 


c.  That  part  of  a  planetary  gearset  upon  wliich    '  4.  Planet  carrier 
the  planet  gears  are  affixed 

d.  The  large  gear  with  internal. teeth  in  mesh   ,         >  . 
with  the  teeth  of  the  planet  pinions  at. .all  .* 
times 


<  8.  Name  three  type^pf  differential  locks. 
•  .*  * 


9.  Select  vfrom  the^ljowing  list  the  purposes  of  a. power  divider  by  placing  an  "X" 
*  *n  the  appropriate  flanks.  " 

 a.  Equally  distributes  power  from  the  vehicle  transmission  to  bafcfvjbre  forward 

and  rear  rear  axles      *  «  .  \ 

*      ;  •  .    -        .        -  < 

 b.  On  a  tandem  drive  axle,.. when  powerdivider  is  disengaged,  the  two  axles 

act  as  one  axle       *  .  - 

1 

•     c.  When  power  divider  is  disengaged,  it  prevents  axle  fjght  and  permits  freer 
rolling  '  % 

%  '    d.  Provides  jn^ximum  traction  when  road  conditions  are  unfavorable  _ 

 e.  Allows  foreasier  steering  and  better  readability 


10.  Identify  the  basic  parts  of  a  porter  divider  by  matching  names  to'parts  and  writing 


correct  answers  in  blanks  provided 


Power  Divider  — 


1)  Helical  side  gear 

2)  Drive  pinion 


Inter-axle  differential 


.  •  •  *  -      ■  ^\ 

4)  Input  shaft  .        0  \ 

5)  Inter-axte  differential  lock-out 

6)  Pinion- helical  gear 


11.   Match  types  of  shifting  mechanisms. with  their  descriptions. 


a. 


Consists  of  a  manually-operated  control 
switch  and  an  electdc*hift  unit;  connected  by 
electridaf  cables  and  nor/nally  protected  by  a 
"  cuit'  bVeaker^  the  shift  unit  includes  a 
versible  el^ptric  mbtorfr#bto[natic  switch^ 
ive  screw,  and  torsion  spring-drive 


7. 


1.  Air-operated 
shift-       •    *  * 

2.  Vacuum-Operated 

*    shift  * 

.  - .  v 

3.  -  Electric  shift  %*  ^ 


fa- 


Consists!  of  manually  operated  Sir  shifter  " 
valve^a  quick  release  valvfe,  and.  an  axle*', 
shift, unit;  air  shifter  supplies  air  through  the 
quick  release  valve  to  the  axle  shift  unit;  ^ir 
pressure  ip  the  shift  unit  shifts  axle  to  high 
range;  to^hift  axle  to  low  range,  air  pressure 
-  is  exhausted  at  shftter  valve,  which  eShausfts 
-  Sir  pressure  at  quick  release  valve  ,  * 

c.£  Consists  of  a  manually  operand  control 
lever;*  vacuum  valve  controlled^by  linkages,  . 
andean  axle  shift  unit;  vacuum  can  be  used 
to ^ shift  the  unit  to  low  range;  spriftg  tension- 
shifts  the  unit  back  to  high  range 
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12a  Distinguish  between  flared  and  compression  fittings  in  the  illustrations  below  by 
placing  an  "X"  beside  the  flared  fitting. 


a. 


7 


13.  .Demonstrate  the  ability  to: 

a.     Remove  a  differential  assembly. 

Disassemble  a  differential  case  and  gear  assembly. 
Clean  and  inspect  a  differential  case  and  gear  assembty. 
Adjust  drive  pinion  bearing  preload. 


b. 
c. 
d. 


Reassemble  a  differential  case  and  gear  assembly. 


f.  Adjust  differential  beapmg  preload;  check  gear  backlash  and  tooth  contact  pattern. 

g.  Install  differer^ial  assembly  in  differential  housing. 

h.  Remove,  repair,  and  reassemble  a  differential  carrier  and  powe*  divider  assembly. 

i.  Disassemble  a  planetary  gear  assembly  outer  ends. 

'  Clean  and  inspect  parts  of  a  planetary  axle.  % 

k.  Reassemble  a  planetary  gear  bearing  preload. 
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L  Adjust  a  planetary  gear5  assembly.     .  ' 

m.  Perform  preventive  maintenance  on  differential  and  final  drives. 

n.  Assemble  air  line  with  reusable  fitting  (-flared).  ^ 

o.  Assemble  air  line  with  compression  fittings.  \  ' 

(NOTE:1  If  these  activities  have  not  been  accomplished  prior  to,the  test,  asl$  your 
'  instructor  when  they  should  be  completed.) 
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DIFFERENTIALS  AND  FINAL  DRIVES 
\  UNIT  VII         -    '  ■ 


ANSWERS  TO  TEST 


1.  a.     8  '  g.  4 

b.  11  h.  2 

c.  7  '  L  ,10 

d.  .  3  ,  j.  5 

e.  -  1 
 f  9L  


k.    6  ) 


2.  a.  5  d.    1  ' 

b.  3  e.  2 

c.  6  '    f.  4 

3.  a.  Heel 

b.  Toe  '  \  c 

c.  Face         f   '  „ 
.    d.  •  Pitch  line  [ 

e.  Flank  '  j 

•  «  • 

4.  a.*  4  d.  2,f 

'    b.  1  e.     5j  '  %  • 

c.  ,3  |, 

t  * 

5.  a.  Differential  case,  plainjhalf  .  \ 
-  b.  '  Spider                    \  4 

c.  Differential  case,  flanged  half 

d.  Ring  gear  ;  -  - 

e.  Differential  carrier      j     *       .    .  -        ^  •  • 

f.  *  Pinion  pilot  bearing  •   f;  _  • 

g.  Companion  flange,  pi nipn  yoke 

6.  a.  Sun  gepr 

b.  Planet  gear  '  /  - 

c.  Planet  carrier 

d.  Ring  gear  ^ 

7.  a.  3 

b.  2  , 

c.  4 
•  d.  1 

8.  a.     Hydraulic  lock 
b.  Automatic  lock 

\    c.  Mechanical  lock  ¥ 
> 

9.  a,c,  d,e 
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1)< 

d 

4) 

a 

2) 

f 

5) 

b 

3) 

c* 

6) 

e 

a. 

3 

* 

b. 

1  - 

c. 

2- 

a  . 

Performance  skills  evaluated  to  the  satisfaction  of  the  instructor' 
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POWER  TAKE-OFFS 
UNIT  VIII 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  discuss  safe  operation  of  power 
take-offs,  list  technical  standards  for  power  take-off  drives,  and  trouble-shoot  power  take- 
offs  for  prdblems  related  to  noise,  heat,  vibration,  and  other  malfunctions.  The  student 
should  also  be  able  to  install  a  transmission-mounted  power  take-off.  This  knowledge  will  'be 
evidenced  by  correctly  performing  the  procedure^  outlined  in  the  job  sheet  and  by  scoring 
85  percent  on  the  unit  test.  • 


SPECIFIC  OBJECTIVES 

•  - 

After  completion  of  this  unit,  the  student  should  be  able  to:  > 

1.  Match  terms  related  to  power  take-pffs  with  their  correct  definitions. 

i  : 

2.  Select  true  statements  concerning  safe  operation  of  PTOs. 
3:   Identify  three  types  of  PTO  guards  and  shields. 

4.  JJst  three  types  of  PTO  systems.  , 

5.  '  List  AS AE-SAE 'standards  for  tractor  PTadrives.  - 


6.  Match  complaints  with  causes  for  noise,  heat,  and  vibration  in  transmission- 
mounted  PTOs.  4 

7.  Select  true  statemehts  concerning  troubleshooting  PTOs  for  poor  vyork  rate. 

8.  Match  complaints  with  c?Uses  for  external  oil  leaks  in  PTOs. 

9.  ,  Select  true  statements  concerning  troubleshooting  PTOs  for  hard  shifting. 

A 

10.  Complete  a  list  of  Staiements  concerning  troubleshpdfing^PTOs  for  jumping 
out  of  gear. 

1 1 .  Select  true  statements  concerning  troubleshooting  power  shift  PTOs, 

12.  List  subassembly  parts  of  ^two-gear,  one-speed  PTO. 

13.  Identify  components  of  hydraulic  and  electric  circuits  in  a  power  shift-PTO. 

\  ■  h 

14.  List  parts  of  a  PTO  air  shift  system. 


15.  Identify  shifter  covers  for  transmission-mounted  PTOs. 

16.  Complete  a  list  of  procedures  for  lubricating  PTO  systems! 

17.  "  Complete  ,a  list  of  questions  that  are  relevant  when  selecting  the  proper  PTO. 

18.  Demonstrate  the  abilify  to  install  a  transmission-mounted  power  take-off. 


POWER  TAKE-OFFS 
UNIT1  VIII 

SUGGESTED  ACTIVITIES  ' 
* 

Provide  student  with  objective  sheet.  $ 
Provide  student  with  information  and  job  sheets. 
Make  transparencies.  . 
Discuss  unit  and  specific  objectives. 

'Discuss  information  sheet.  J) 
Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheet. 
Show  films  on  operation,  inspection,  and  repair  of  power  take-offs. 
Demonstrate  the  operation  of  p,ower  take-offs  on  live  equipment.  . 
Demonstrate  safety  precautions  onlu^quipment. 

Take  field  trip  to  a  shop  that  installs  power  take-offs  and  power  take-off  operated 
equipment. 

Give  test. 

INSTRUCTIONAL  MATERIALS  ' 
Included  in  this  unit:   -  t  1 

.A.    Objective  sheet  '  .  : 

,"B.     Information  sheet 
C.    Transparency  masters 

1.  TM  1 -Types  of  PTO  Guard?  and  Shields     v  •  , 

T  2.  TM  2-Types  of  PTO  Systems 

3.  TM  3-Trarismission:Mounted  PTO        .  * 

4.  TM  4-Electric  and  Hydraulic  Circuits  for  Power  Shift  PTO  •  ^ 

5.  TM5-;Parts'for  a  PTO  Air  Shift  System  . 

6    TM  6-Shift  Covers  for  Transmission-Mounted  PTOs  \ 


756 


D.  ~^  Job  Sheet  #1--Install  a  Transmission  Mounted  Power  Take-Off- 

E.  Test 

F.  Answers  to  test  V 
References: 

A.  Chelsea  Power  Take-Off  Troubleshooting  Guide.  Toledo,  OH  43691:  Dana 
Corporation,  1979. 

B.  Chelsea  Sfde  Mounted  Power  Take-0ff/6  &  8  Bolt  Owner's  Manual.  Toledo, 
OH  43691 :  Dana  Corporation,  '1979.  \> 

i 

C.  Fundamentals  of  Service:  Power  Trains.  Moline,  IL  61 265:' John  Deere 
Service  Publications,  Dept.  F,  1972. 
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4  POWER  TAKE-OFFS  *  * 

'  UNIT  VIII 

'  v 

(  INFORMATION  SHEET 

Terms  and  definitions  '  v 

A.  PTO-Povyer  takeoff 

B.  Truck  application  PTO--A'  mechanical  device  attached  to  the  side  of  the 
main  transmission  or  the  side  or  top  of  the  auxiliary  transmission;  it  trans- 
mits engine  power  to  auxiliary  equipment 

(NOTE:  In  some  cases,  the  PTO  is  attached  to  the  front  of  the  engine 
crankshaft.)  *  ^  • 

C.  Tractor  PTO-An  attachment  .in  the  power  train  of  a  machine  to  drive 
auxiliary  equipment 

*S  '  ' 

(NOTE:. On  tractors,  most  PTOs  are  gear  driven  from  the  transmission 
f  -and  send  power  through  a  built-in  shaft  to  the  PTO  outlet.) 

» 

D.  Independent  PTO-A  PTO^ystem;  havia§4ts*own  dutch  .coDtcpLQo.mpJetely^ 
separate  from  the  engine  clutch  and  transmission 

/ 

E.  Transmission-driven  PTO-.Operates  only  when  the  engine  clutch  is  engaged 
(NOTE:  This  PTO  has  no  separate  clutch.)       %  < 

F.  Continuous-running  PTO--A  PTO  system  that  has  two  clutches,  one  fo^the 
<   transmission  and  one-for  the  PTO;  both  are  operated  by  one  control  *\ 


G.  Solid  PTO  shaft-Solid  shaft  with  a  fixed  length  and  a  U-jotnt  at  each  end 

(NOTE:  This  type  of  drive  is  used  when  power  is  to  be  transmitted  from 
one  fixed  plane  to  another  fixed  plane.) 

H.  Telescoping  shaft-A  shaft  with  a  sliding  or  telescoping  element;  can  have 
efther  two  or  three  U-joints 

I.  ,    Tunnel  shield--An  inverted  U-shaped  piece  of  steel  which  covers  the  moving 

parts  of  a  PTO  shaft 

J.     Spinner  shield-A  cylinder-shaped  piece  which  surrounds  the  shaft  and 
has  a  bell  housing  on  each  end  to  cover  the  U-joints 

Safe  operation  of  PTOs  * 

A.    Keep  PTO  guards  and  shields  in  place  '  v  .  , 

*B,    Never  engage  the  PTO  while  the  machine  engine  is  shut  off    N  , 
C,    Keep  hands,  feet,  and  clothing  away  from  PTO  moving  parts 
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D.  Always  disconnect  the  PTO  when  not  in  use  m  , 

E.  Never  wear  loose  clothing  around  PTO  in  operation  1 

F.  Be  sure  spinner  shields  rotate  freely 

G.  -'  Always^  be  sure  PTO  drive  shaft  is  properly  secured  to  the  machine  PTO 

shaft  » 

H.  Always  disengage!  the  machine  PTO  and  shut  off  engine  before  servicing, 
lubricating,  *or  performing  repairs 

I.  Always  keep  nuts  and  bolts  tight  on  PTO  shaft  and  PTO'  driven  machine 
J.     NEVER  HOOK  540PTQ  EQUIPMENT  TO  1000  RPM  PTO 

K.    Always  block  dump  beds  when  working  on  unit  with  bed  raised 
Types  of  PTO  guards  and  shields  (Transparency  1) 

A.  Spinner  shield 

B.  PTO  shaft  guaxd 

Ci-    PTO  master  shield  (tunnel  shield) 

TVpes  of  PTO  systemsJJraWarency  2)  *  - 

A.  Xransm'ssi°n"driven    '  \ 

B.  Continuous-running 

C.  .  Independent 

ASAE-SAE  standards  for  tractor  PTO  drives 

A-    540  rpm  *  6  splines  on  PTO  shaft 

B.    1 000  rpm  -  21  splines  on  PTO  shaft  > 

(NOTE:  ASAE,  American  Society  of  Agricultural  Engineers,  and  SAE, 
Society  of  Automotive  Engineers,  set  standards  for  tractor  and  equipment 
manufacturers.)  x 

Complaints  and  causes  for*  noise,  hedt,  and  vibration  in  transmission-mounted 
PTOs  (Transparency  3)  ^ 

A.    Rattles  or  whines 

.  1.  Backlash  too  tight'(whine) 

2.  Backlash  too  loose  (rattle) 

(MOTE:  Bgcklasft. should  be  set  at  .006"  to  ,01  ?"  between  drive  gear 
in  transmission  and  driven  gear  in  PTO.)" 


INFORMATION  SHEET 

1  B*.    Clicking  sound 

1.  Worn,  nicked,  or  burred  gear      *  • 

2.  Damaged  bearirlg  from  improper  installation 

♦  >  ■ 
C.    Grinding  noise 


1.  Foreign  material  in  bearing 

2.  Transmission  low  on  grease 
Vibration 


r 


.1.  Drive  lijie  out  of  phase 

2.  Excessive  U-j.oint  angle  .  r 

3.  Drive  line  bent  > 

4.  IHbmts  worn 

5.  PTO  loose  on  transmission  ' 
6-  Driven  equipment  loose 

7.  High  vibration  equipment  such  as  a  piston  type  air  compressor 

8.  Worn  splines\n'Slip  joint    <    ,  ' 
E.    PTO  running  hot 

1.  PTO  installed  too  tight 

2.  Low  transmission  oil  level 

3.  Prolonged  stationary  use  *  ^ 

4.  *  PTO  near  exhaust  or  other  heat  source 

5.  PTO  overloaded 

Troubleshooting  PTOs  for  poor  wo/k  rate  '  ^  \ 

r  . 

A.  PTO  torque  rate  too  low  for  job  being  performed 

\ 

(NOTE:  Consult  equipment  manufacturer's  specifications  for  proper  speed, 
torque  output,  and  rotation.) 

B.  PTO  output  speed  too  high  or.toojowfor  job  being  done 
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VIII. 


er|c 


Complaints  and  causes  for  external  oil  leaks  in  PTOs 
A.    Shaft  seal  leaking 

\rn  from  age,  heat,  or  drive  line  vibration 


IX. 


X. 


(NOTE:  Dirt  entering  seal  area  can  cause  seal  to  fail,  or  operating  at  a 
temperature  above  250°F  can  cause  seial  to  fail.) 

2.  Seal  retainer  plate  installed  out  of  alignment ' 

B.    Leaking  housing  or  bating  surfaces  ^ 

1 .  Porous  or  cracked  housing  x  * 

2.  Broken  dr'worn  gasket  v    -      „  s#  :' 

3.  6-bolt  idler  shaft  poor  fit  ^ 

4.  8-bolt  "p"  ring  not  sealing  on  idler  shaft* 

5.  Copper  washers  needed  under  6-bolt,PTO  mount  bolts  or  nuts 

6.  Lock  washer  not  under  8-bolt  PTO  mount  bolts  " 

7:  ,!0"  ring  leaking  on  shifting  post    ^  *  > 

8.   Elongated  mounting  bolt  holes 
Troubleshooting  PTOs  for  hard  shifting  \ 

A.  Backlash  too  tight  \  ■  w 

,    '  ■    *  *  t 

B.  Tight  bend  in  shift  cable  .  m  ^ 

C.  Gear  in  backwards  .  - 

D.  *  Loose  fit  on  internal  spline  of  sliding  geartausing  gear  to  bind 

E.  Lever  linkage  needs  redesign-not  enough  mechanical  advantage 

F.  Low  air  pressure  /for  air  shift  ^  •  \ 
Troubleshooting  PTOs  for  jumping  out  of  gear 

Excessive  load  for  PTO  torque  rating 

B.  ■  Gear'teeth  worn  tapered 

C.  Shifter  poppet  spring  broken 

D.  Shifter  poppet  spring  hole  elongated 

E.  Shift  rail  popped  notch  worn  % 
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F.  Sprung  or  loose  shift  fork  t 

G.  Air  shift  pressure  low  for  complete  shift 
H(NOTE:  Air  pressure  should  be  from  60  to  70  PSI.) 

H.  Cable  or  lever  linkage  not  adjusted  for  full  PTQ  engagement 
Troubleshooting  power  shift  PTOs 

(NOTE:  Power  shift  PTOs  are  use^on  automatic  transmissions.) 

A.  Won't  engage  • 

1.  Transmission  oil  level  low 

2.  Clogged  hose  or  screen 

3.  Bad  electrical  connection 
&  '  * 

"V  4.   Inoperative  electrical  switch  ' 

u 

5.  Improper  installation  of  electric  or  hydraulic  shift  circuit 

6.  Inoperative  solenoid  valve 

7.  Incorrect  solenoid  valve 

•  (NOTE:  Pressure  is  not  sufficient  to  shift  PTO  due  to  wrong  valve.) 

8.  Obstruction  in  hydraulic  shift  circuit  ' 

9.  «  .Internal  leakage  in  shifter 
,  10.  Clutch  plates  worn  in  PTO 

B.  Will  Engage  but  will  not  operate-system  under  load 

1 .  Low  pressure  supplied  to  PTO 

2.  Clutch  plates  worn  in  PTO 

C.  PTO  will  not  disengage  0 

1 .  Improper  installation  of  circuit 

2.  Pressure  too  high  • 

3.  ' -Cflitch  plates  in  PTO  welded  together 

D.  Noise,  heat,  vibration,  improper  work  rate,  and  external  oil  leaks- 
Troubleshooting  procedures  same  as  those  used  with  transmission-mounted 
PTOs 


6 
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* 

XII.  Subassembly  parts  of  a  two-gear,  one-speed  PTO  (Transparency  3) 
A.    Shift  cover  assembly  « 

f    •      B.    PTO  case       *  ^ 

C.  Output  shaft  apd  gear  assembly  f  ;  • 

D.  Drive  gear  and  shaft  assembly 

XIII.  Components  of  hydraulic  and  electric  circuits  in  a  power  shiffc  PTO  (Transparency 

A.  /Mine* amp  fuse    .  * 

B.  Indipator  light  x 

/  ^N  * 

C.  5w|tch  '  '  • 

S    D.    Hose  from  vaJve  to  PTO  » 

E.  Screen  adapter 

/ 

F.  Solenoid  valve 

*  i 

G.  '  Dumpjine  back  to  transmission  through  PTO 

H.  Screen  adapter  • 

I.  Line  from  transmission  to  valve  * 

.  XIV.     ^Parts  of  a  PTO  air  shift  system  (Transparency  5)'  . 

•? 

,A.    Shift  cover  assembly 
B/    Indicator  switch 
C.     Indicator  light' 

p.    Control  valve        •  . 
E.    Pressure  protection  valve  (pressure  regulator) 
XV.      Shifter  covers  for  transmission-moused  PTOs  (Transparency  6) 

A.  Cable  control 

B.  Lever  control  '.  _ 

C.  Air  shift  u  -  <> 


s 
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XVI.  'Procedures  for  lubricating  PTO  systems 
\  *        A.    Check  lubricant  in  transmission 

,  v         B.  Lubricate  U-joints 

C.  Lubricate  slip  yoke  a 

D.  ,  Lubricate  spinner  shield  * 

E.  Lubricate  driven  equipment  according  to  manufacturer's  recommendatians 

f  yi 

XVI I.  ''Questions  that  are  relevaatwhen  selecting  the  proper  PTO 

A.  What  is  make  and  model  of  transmission?  ,  ■ 

B.  Which  PTO, gpening  will  be  used? 

C.  What  accessory  will  be  driven?  ' 

D.  How  much  horsepower  is  required  to  drive  accessory? 

E.  What  is  the  required' rotatjon  of  PTO? 

F.  What  is  required  PTO  output  shift  .speed  as  a  percent  of  engine  speed? 

G.  What  is  the  required  method  of  shifting  PTO  (cab|e,  lever,  or  air)? 


Types  of  PTO  Guards  and  Shields 


\ 


Spinner  Shield  for  PTO.Drf^e  Shaft 


•i 

Courtesy  DEERE  &  CO.,  MOLINE,  IL 


PT-767 


Types  of  PTO  Systems 


CRUch 

Trans- 


Wheels 


mission 


Transmission- Driven  PTO 


PTO 


PTO 

Clutch 


Trans- 
mission 


Trans. 
Clutch 


Continuous-Running  PTO 


Wheels 


PTO 


rift 


"';;v .  .  mission 
Engine  Clutch 


PTO  Clutch 


Independent  PTO 


Wheels 


PTO 


Courtesy  DEERE  &  CO..  MOWNE,  IL 
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b6 


TM  2 


Transmission 


Shift  Cover  Assembly 


Input  Gear  Shaft  Assembly 


FRir 


61j 


Drive  Gear  and  Shaft  Assembly 
f  •  Output  Shaft  and  Gear  Assemri 


Chelsea  PTO  courtesyCDrivetrain  Service  Division,  Dana  Corpo 


CO 


Electric  and  Hydraulic 


far  Pawer  Shift  PTO 


Dump  Line  Back 
to  Transmission 

thru  PXO. 
Screen  Adapter 


From  Trans 
to  Valve 


NOTE 

Carefully  Check  Valve  for 

Correct  Mo.nmttnrl 

{/   Grwind  9AMpFuse, 

I   /  Ground 

Indicator  Ligr^t 


Pressure  Switch  J 


Screen  Adapter 


j 
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Chelsea  PTO  component  courtesy  Drivetrain  Service  Division,  Dana. Corporation 
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Parts  for  a  PTO  Air  Shift  System 

Pressure  Requirement 

70-140  P.S.I.         '•   .  *, 

Pressure  Protection  Valve      \  ^ 

\Valve  Opens  at  70  P.S.I.  ±  5  PSA.  See  Warning  # 


Note  Direction 
of 

Arrows 


O — . 


L-„t- 


i 
i 
i 
i 

I 

 i 


~>  Control  Valve 


Indicator  Switch  * 


I  Shift  Cover 
\g  Assembly 


Ma 

© 

© 

Indicator  Light 


9  AMP 
Fuse 
Holder 


Contrdl 
Plate  • 


Caution:  When  installing  .nylon  tubing 
avoid  sharp  angles,  exhaust  and . 
-manifold  systems. 


Battery   3E Important:  When  this  installationls  used 

OriMn^-J>n   -  on  vehicles  with  automatic  transmis- 
ungnrcpn    #  sionS)  the  P  T  0:  drjve  gear  must  be 

'  \topped  before  shifting. 

•Warning:  Connect  directly  to  air  supply.  Do-not  use  tubing  between  air  supply  and 
pressure  protection  valve. 

Chelsea  PTO  component, courtesy  Drivetrain  Service.  Division,  Dana  Corporation        TM  5 

-■'•-.-■•<      "631  . 


Shift  Covers  for  Transmission 
Mounted  PTOs 


({§>    o  ®\ 


Lever  Control  Air  Shift 

*  » 


Chelsea  shift  covers  courtesy  Drivetrain  Service  Division,  Dana  Corporation 
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POWER  TAKE-OFFS 
UNIT  VIII 


JOB  SHEET  #1 -INSTALL  A  TRANSMISSION-MOUNTED  PTO 


*  -          I.      Toots  and  equipment 

A. 

Safety  glasses 

B. 

General  shop  tools 

-  C. 

Creeper 

D. 

Dial  indicator 

.  .   .    '      -  E 

Shop  towels 

F. 

Stud  driver 

?  ^  "•      .  G. 

Torque  wrench 

H. 

Drain  pan 

II.  Procedure 

/ 


erJc 


*  A:    Drain  oil  from  transmission 

B.     Remove  PTO  cover  plate  from  transmission 

-  Remove  gasket  from  PTO  opening  in  transmission  ^  . 

(NOTE:  Stuff  a  rag  in  the  opening  to  prevent  dirt  frdm  entering  transmis- 
sion.) 

r  [f.  *~Rbck  drive  gear  in  transmission  and  driven  gear  in.  the  PTO 

.  T.  To  show  amount  of  backlash  designed  in  both  units 

2.  To -establish  proper  backlash  when  mounting  PTO 

v  E.     Install  studs  |n  PTO  mount  pad  onjj^nsmission 

(NOTE,:  Where  holes  are  tapped  through  the  transmission'case,  use  Permatex 
to  prevent  leaks/ Avoid  contact  of  Permatex  with  automatic  transmission 
.  fluid  in  automatic  transmissions.) 


2.  Torque  six  bolt  studs  to  30  -  35  ft.  lbs. 


J.  _Use  stud  driver 

2.  Torque  six  bolt 

3.  Torque  eight  bolt  studs*ta45  ■  5p  ft.  lbs. 


.     'JOB  SHEET  #1 

F.  Install  gaskets  on  studs 

♦ 

1/  Place  correct  amount  of  gaskets  on  studs  ' , 

(NOTE :  Never  use  gasket  sealer  between  gaskets  or  on  PTO  mounting 
surfaces.)  / 

''  * 

2.   Use  gaskets  between  all  mounting  surfaces 
'  3.   Do  not  stack  more  than  four  gaskets 

.  (NOTE:  Usualty  one  thick  gasket  .020"  will  be  required.) 

G.  Install  PTO  to  trapsmlssion 

1.  Install  copper  gaskets  on  studs 

2.  Install  nuts  on  studs 

(NOTE:  Copper -gaskets  are  used  to  prevent  oil  leaks  around  studs.) 

<     £k  Torque  nuts  to  30  -  35  ft.  lbs.  for  six  bolt  PTOs,  and  45  -  50  ft.  lbs.  for 
^  eight  bolt  PTOs 

4.   Check  and  adjust  backlash 

* 

a)  Remove  PTO  shift  hoqsing  or  inspection  plate 

b)  Mount  dial  indicator  so  it  measures  input  gear  (driven  gear) 
movement  (Figure  1)  % 

FIGURE  1 


*»--=""  W  1VF  ME  NT 


OALK  rS" 
1  ASM  ' 

V.  PTO) 

fHANb  (»fAM 
WIS  VQN 


(Procedure  and  illustrations  for  backlash  adjustment  for  Chelsea  PTO  courtesy 
Drivetrain  Service  Division,  Dana  Corporation) 


'JOB  SHEET  #1  • 
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A 


5.  Hold  PTO  driver  gear  in  transmission  with  bar  or  screwdriver 

6.  Rock  PTO  input  gear-with  hand 

7.  Read  amount  of  backlash  on  ^ial  jhcjfcator  1 

8.  Backtash  has  to  be.from  ,006"  to  .012" 

9.  Set  backlash  by  adding  orremoving-mount  gaskets  . 

(NOTE:  A  general  rule  for  adding  or  removing  gaskets  is  that  a  .010" 
gasket  will  change  backlash  approximately  .012",  Repeat  steps  F  -  G  to 
correct  backlash.)  , 
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POWER  TAKE-OFFS 
UNIT  VIII 


PT 


NAME   

TEST 

Match  the  terms  on  the  right  with  their  correct  definitions, 
a.  Power  take-off 


b.  A  mechanical  device  attached  to  tfte  side 
of  the  main  transmission  or  the  side,  or 
top  of  the  auxiliary  transmission;  it  transmits 
engine.power  to  auxiliary  equipment 


c*  An  attachment  in  the  power  train  of  a 
machine  to  drive  auxiliary  equipment 

d.  AlPTO  system  having  its  own  clutch  pontrol 
completely  separate  from  the  engine  clutch 
and  transmission 

^e.  Operates  only  when  the  engine  clutch  is 
engaged 

f.  A  PTO  system  that  has  two  clutches,  one 
for  the  transmission  and  one  for  the  PTO; 
both  are  operated  by  one  control  ■ 

g.  Solid  shaft  with  a  fixed  length  and  a  U-joint 
at  each  end 

h.  A  shaft  with,  a  sliding  or  telescoping  element; 
can  have  either  two  or  three  U-joints 

i.  An  inverted  U-shaped  piece  of  steel  which 
covers  the  moving  parts  of  a  PTO  shaft 

J.   A  cylinder-shaped  piece  which,  surrounds 
~  Ihe  shaft  and  has  a  bell  housing  on  each 
end  to  cover  the  U-joints 
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1 .  Transmission- 
driven  PTO 

2.  PTO  -  * 

3.  Independent  PTO 

4.  Tunnel  shield 

5.  Truck  applica- 
tion PTO 

6.  Con^fciuous- 

xunning  PTO. 

7.  Telescoping 
shaft 

8.  Spinner  shield  ■ 

9.  Tractor  PTO 

10.  Solid  PTO 
shaft 


Select  true  statements  concerning  safe  operation  of  PTOs  by  placing  an  "X"  in  the  , 
appropriate  blanks.  ,  -  » 

 a.  Keep  PTO  guards  and  shields  in  place 

b.  Never  engage  the  PTO  while  the  machine  engine  is  shut  off 

c.  Keep  hands,  feet,  and  clothing  ^way  from  PTO  moving  parts 
.    d.  Always  connect  the  f  TO  when  jiot  in  use 
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\ 


_e.  Never  wear  loose  clothing  around  PTO  in  operation  . 
f.  Be  sure  spinner  shields  rotate  freely 


jj.  Never  attach  the  PTO  drive  shaft  to  the  machine  PTO  shaft 

_h.  Always  disengage  the  machine  PTO  and  shut  off  engine  before  servicing, 
lubricating,  or  performing  repairs  * 

~"  • 

i.   Always  keep  nuts  and  bolts  tight  on  PTO  shaft  and  PTO  dnven  machine 
j.   Hook  540  PTO  equipment  to  1000  rpm  PTO  equipment  with  great  care 
_k.  Always  block  dump  beds  when  working  on  unit  with  bed  raised 


%  3.   Identify  three  types  of  PTO  guards  and  shields. 


a. 
b. 
c. 


ERIC 


4. 


List  three  types  of  PTO  systems. 


a. 
b. 
c. 


* 

*  5.   List  ASAE-SAE  standards  for  tractor  PTO  drives. 

a.  

b.  -  V- 


6.  1  Match  complaints  on  the  right  with  causes  for  noise,  heat,  and  vibration  in  transmis- 
sion-mounted PTOs. 


a.  Backlash  toQ  tight  or  too  loose 

b.  Worn,  nicked,  or  burred  gear;  damaged 
bearing  from  improper  installation 

_c.  Fdlfeign   material    in  bearirig;  transmission 
low  on  grease  ^  ^ 

d.  Drive  line  out  of  phase;  excessive  U-joint 
angle;  drive  line  bent;  U-joints  worn;  PTO 
loose  on  transmission;  driven  equipment 
Ipose;  worn  splines  on  slip  joint 

e.  PTO  installed  too  tight;  low  transmission 
oil  level;  prolonged  stationary  use;  PTO 
near  ^xhaust  or  other  heat  source;  PTO 
overloaded 


1.  Clicking  sound 

2.  Vibration 

3.  Rattles  or 
whines 

4.  Grinding  noise^ 

5.  PTO  running  hot 


7^  Select  true  statements  concerning  troubleshooting  PTOs  for  poor  work  rate  by  placing 
an  "X"  in  the  appropriate  blanks. 


a.  PTO  torque  rate  too  high  for  job  being  performed 

b.  PTO  output  speed  too  high  or  too  low  for  job  being  done 


8.   Match  complaints  on  the  right  with  causes  .for  external  oil  leaks  in  PTOs., 


_a.  Seal  worn  from  age,  heat,  or  drive  line  vibra- 
tion; seal  retainer  plate  installed  out  of 
alignment  *  •  - 


b.  Porous  or  cracked  housing;  broken  or  worn 
gasket;  6-bolt  idler  shaft  poor  fit;  8-bolt  "0" 
ring  not  sealing  on  idler  shaft;  copper  washers 
,    JL       needed  under  6-bolt  PTO  mount  bolts  or 
'  nuts;  lock  washer  not  under  8-bolt  PTO 

mount  bolts;  "0"  ring  *  leaking  on  shifting 
post;  elongated  mounting  bolt  holes 


1.  Leaking  housing 
or  mating 
surfaces 

2.  Shaft'seal 
leaking 
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9.  Select  true  statements  concerning  troubleshooting  PTOs'for  hard  shifting  by  placing  an 
^ — JiX—in  the  appropriate  blanks. 


a.  Backlash  too  loose 

b.  Tight  bend  iashift  cable 
c>  Gear  in  backwards 

jd.  Tight  fit  on  internal  spline  of  sliding  gear  causing  gear  to  bind 
e.  LeveMinkage  needs  redesign-not  enough  mechanical  advantage 


f .  Low  air  pressure  for  air  shift 


10.  Complete  the  following  list  of  statements  concerning  troubleshooting  PTQs  for  jump- 
ing out  of  gear.  ,     %       t  . 

.  a.     Excessive  4oad  for  PTO  torque  rating 

b.   ,   ,  :  

c.  Shifter  poppet  spring  broken 

d.  Shifter  poppet  spring  hole  elongated 

e.  Shift  rail  poppet  hotch  worn 
a      f.  Sprung  or  loose  shift  fork 


g. 


h.    Cable  or  lever  linkage  not  adjusted  for  full  PTO  engagement 

11 .  Selecitrue  statements  concerning  troubleshooting  power  shift  PTOsty  placing  an  "X" 
in  the  appropriate  blanks. 

(NOTE:  A  statements  true  only  if  all  parts  of  a  statement  are  true.) . 
a.  Won't  engage  % 


1.  Imprpper)installaticfn  of  electric  or  hydraulic  shift  cirGuit 

2.  Incorrect  solenoid  valve' 

3.  Transmission  oW  level  low 

4*  Obstruction  in  hydraulic  shift  circuit  . 

5.  Clogged  hose  or  screen 

6.  Inoperative  solenoid  valv^v^4    %     .  , 

» 

7.  %  Inoperative  electrical  switch 

8.  Bad  electrical  connection 

9.  fnternal  leakage  in  shifter 

10.  Clutch  plates  worn  in  PTO  R'^n 
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b.  Will  engage  but  will  not  operate-system  under  load 


1* 

^    4    1;.  Low  pressure  supplied  to  PTO 
2.  Clutch  plates  worn  in  PTO. 
 _c.  PTO  will  not  disengage 

< 

2.  Pressure  too  low 

3.  Clutch  plates  in  PTO  worn 

~  d.  Noise,  heat,  improper  work  rate,  and  external  oil  leaks-Jrouble-shooting 

procedures  same  as  those  used  with  transmission-mounted  ^TOs 

\    1 2.   List  subassembly  parts  of  a  two-gear,  one-speed  PTO. 


a. 
b. 


XT. 

d. 


13.  Identify  components  of  hydraulic  a|d  electric  circuits  in  a  power  shift  PTO. 

f   Ground  Battery  a; 

F  /  Ground 


Pressure  Switch  J 


c. 


d. 
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g- 


h. 


14.  List  parts  of  a  PTO  air  shift  system. 


a. 
b. 

c. 
d. 


1 5.  Identify  shifter  covers  for  transmission-mounted  PTOs. 


c. 


16.  Complete  the  following  list  of  procedures  for  lubricating  PTO  systems, 
af.     Check  lubricant  in  transmission 


b. 


c.  Lubricate  slip  yoke 
d. 


e.     Lubricate  driven  equipment  according  to  manufacturer's  recommendations 

•  '       •  •  701". 
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17.  Complete  thV following  list  of  questions  that  are  relevant  when  selecting  the  proper 
PTO. 


a.  What  is  make  and  model  of  transmission? 

b.  Which  PTO  opening  will  be  used? 

c.  What  accessory  will  be  driven? 

d.  How  much  horsepower  is  required  to  drive  accessory? 

e.  What  is  the  required  rotation  of  PTO? 

f.   


18.   Demonstrate  the  ability  to  install  a  transmission-mounted  PTO. 

(NOTE:  If  this  activity  has  not  been  accomplished  prior  to  the  test,  ask  your  instructor 
when  it  should  be  completed.) 


s 
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POWER- TAKE-OFFS 
UNIT  VI 1 1-  • 


1 

1  . 

a.' 

2               *  e.     1  i. 

b'. 

5                 f.     6  j. 

c. 

9                 g.  10 

d. 

3                 h.  7 

2. 

a,  b, 

c,  e,  f,  h,  i,  k 

3. 

a. 

Spinner  shield 

b. 

PTO  master  shield  ' 

c. 

> 

PTO  shaft  guard 

4# 

□< 

'0 

Transmission-driven 

Continuous-running' 

C. 

Independent ■               •  . 

5. 

a. 

540  rpm--6  splines' on  PTO  shaft 

b. 

1000  rpm-21  splines  on  PTO  shaft 

6. 

a. 

3 

b. 

1 

c. 

4 

d. 

2 

e. 

5- 

7. 

b 

8. 

a. 

2 

b. 

1 

9. 

b,  c 

e,  f 

ANSWERS  TO  TEST 


j  \ 


10.  b.     Gear  teeth  worn  tapered 

•/    g.  .  Air  shift  pressure  low  for  complete  shift 

-11.  a,b,d 

1 2.  a.     Shift  cover  assembly 
b.     PTO  case 

>  c.     Output  shaft  and  gear  assembly 
d.     Drive  gear  and  shaft  assembly 

13.  a.     Nine  amp  fuse 

b.  Indicator  light 

c.  Switch  .  ^ 

d.  Hose  from  valve  to  PTO  - 
•  e.     Screen  adapter 

f.  Solenoid  valva  . 

g.  ,    Dump  line  back  to  transmission  through  PTO 

h.  Screen  adapter 


i. 


Line  from  transmission  to  valve 
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14.  a.  Shift  cbfzr  assembly 
.    b.  Indicator  switch 

c.  Indicator  light 

d.  Control  valve  ^  '  ' 

e.  Pressure  protection  valve 

15.  a.  Cable  control 

b.  Lever  control 

c.  Air  shift  _  1 

16.  b.  Lubricate  U-jQints  , 

d.  Lubricate  spinner  shield  .  .    A  ^ 

17.  f.  What  is  required  PTO  output  shiftspeed  as  a  percent  of  engine  speed? 
g.  ■  'What  is  the  required  method  of  shifting  PTO? 

18.  Performance  skill  evaluated  to  the  satisfaction  of  the  instructor 


A 


7'M 


t\  SPECIAL  DRIVES 
\  'UNITfX 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  list  types  of  chains  used  in 
special  drives,  figure  their  ratios,  and  discuss  chain  adjustment,  repair,  and  cleaning.  Th 
student  should  .also  be  able"  tQ  list  types  of 'belts  used  in  special  drives,  and  discuss  sheav 
alignment,  gear  drives,  gear  backlash,  and  troubleshooting  techniques  for  special  drives.  Thi 
knowledge  will  be  evidenced  by  correctly  performing  the  procedures  outlined  in  the  job 
sheets  and  by  scoring  85  percent  on  the  unit  test.  •  » 

'  '  ■  v 

*  SPECIFIC  OBJECTIVES 

After  completion  of  this  unit/the  student  should  be  able  to: 

1 .  Match  terms  related  to  special  drives  with  their  correct^'definitions. 

2.  List  three  types  of  chain  drives. 

3.  Complete  "statements  concerning  detachable-link  chains. 

4.  Select  true  statementsxoncetfffng  roller  chains,  x 

5.  -  Select  true  statements  concerning  silent  chains. 

6.  Complete  statements  concerning  characteristics  of  detachable-link  chains. 

7.  Select  true  statements  concerning  characteristics  of  standard  pitch  roller  chains. 

8.  Serect  true  statements  concerning  characteristics  of  double  pitch'  roller  chains. 

9.  Complete  statements  concerning  characteristics  of  silent  chains. 
10.  Complete  statements  concerning  principles  of  chain  drives. 

11..  Select  true  statements  concerning  the  alignment  of  sprocket  shafts  and  sprockets. 

*  12.  Select  true  statements  concerning  adjustment  of  chain  tension. 

13.  Complete  a  list  of  methods  of  adjusting  chain  tension. 

14.  Identify  parts  of  a  chain  sprocket. 

•  -  m\ 

15.  Select  true  statemehts  concerning  stretched  chain. 


792 


16.  Complete  statement^  concerning  lubrication  of  chains.,  \ 
1 7. .  List  methods  of  lubricating  chains. 

18.  Select  true  statements  concerning  repair  of  chain  drives.'  ,  * 

19.  Corrplete  statements  concerning  cleaning  chains.  -  v v* 
-20.  Name  three  types  of  belts. 

21.  Name  four  factors  governing  the  ability  of  belts  to  transmit  power. 

22.  List  three  forms  of  belt  drive  arrangements. 
23*.  ..Complete  measurements  of  belt  sections  used  on  combines. 

24.  Select  true  statements  concerning  adjustable  pulleys.  ^ 

25.  Determine  The  length  of  a  $fft  belt. 
Determine  the  length  of  a  V-belt. 

27.  Determine  pulley  sizes  and  speeds. 

28.  Select  true  Statements  concerning  belt  tension.-         '  ^ 


29.  Sfelect  true  statements  concerning  belt  care  and  maintenance, 

30.  Complete  statements  concerning  maintenance  of  pulleys  or  sheaves. 

31 .  Match  types  of  gear  drives  with  their  uses, 

✓ 

32.  Complete  statements  concerning  methods  of  lubricating  gears, 

r  I 

33.  Select  true  statements  concerning  gear  backlash. 

V 

34.  Match  types  of  reciprocating  drives  with  their  characteristics.  % 

35.  Select  true  statements  concernmg  maintenance  pf  reciprocating  drives. 

36.  Match  hydrostatic  drives  with  their  characteristics.. 

37.  SelectVtfe^tements  concerning  reversing  hydrostatic  drives. 

38.  Complete  statements  concerning  maintenance  of  hydrbstaticdrives. 
39..  Select  tru^statements  concerning  testing  hydrostatic  drives, 

40.  List  tlje  functions  of  a  safety  release  mechanism. 

41.  Match  types  of  safety  release  mechanisms  with  their  descriptions. 

.  v 

,  42.  Complete  statements  concerning  maintenance  of  safety  mechanisms. 

7 
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-  ~*i£43.  Computeithe  length  of  a  flat  belt. 
*  M4n*£oiTiRUte  the  length  of  a  V-belt. 

45.  Compute  pulley  size  and  speed. 

46.  Demonstrate  the  ability  to: 

•  a.v    Troubleshoot  chain  drives. 

*  -> 

'  -^rfe'£Troubleshoot  belt  drives. 

c.    Troubleshoot  gear  drives. 
~  **ZL£     Troubleshoot  hydrostatic  drives, 
e.    Troubleshoot  safety  mechanisms. 


\ 
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SPECIAL  DRIVES 
UNIT  IX 

SUVS^STED  ACTIVITIES  . 

I .  Provide  student  with  objective  sheet. 

II.  Provide  student  with  information  and  job  sheets. 

♦  III.      Make  transparencies.  ,  "  ^ 

IV.  ,     Discuss  unit  and  specific  objectives.  , 

V.  Discuss  information  sheet.  > 

VI.  Demonstrate  and  discuss  the  procedures  outlined  in  tjiejob  sheets. 

VII.      Show  films'coyering  special  drives,  especially  a  safety  film.  ^ 

VIII.      Take  students  on  field  trip  to  a  shop  that  works  on  Special  drives. 

IX!      Have  a  person  from  a,  manufacturer  of  special  drives  present  a  program  to  the 
class. 

* 

X.      Give  test. 

INSTRUCTIONAL  MATERIALS 

I.      Included  in  this  unit:  „  Ns\ 

A.  Objective  sheet  , 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1--Detachable-Link  Chain 

2.  TM  2-Roller  Chains 

3.  TM  3-~SNent  Chain 

4.  TM  4-Determining  Pitch  on  Roller  Chalhs 

5.  TM  5-Alignment  and  Misalignment  of  Sheaves 

TM  6--Reciprocating  Drives  .    *  f 

7.  TM  7--Reciprocating  Drives  (Continued) 

8.  ,,TM  8--Standard  Cross-Sectional  Dimensions  of  V-Belts 

9.  TM  9-Belt  Creep  *  ■ 
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10.  TM  10 -Pintle  Chain 

11.  TM  11 -Parts  of  a  Chain  Sprocket 

12.  '  TM  12--Belt  Drive.Arrangements 

13.  TM  13-Typical  Belt  Sections  Used  on  Combine- 
'  14.  TM  14-Adjustable  Pulleys 

15.  TM  15-Determining  the  Length  of  a  Fla'j  Belt ; 

•  *   16.  TM  16-Determining  the  Length  of  a  V-Belt 

o 

17.  TM  17--Determining  Pulley  Sizes  and  Speeds 

18.  TM  18-HydrostaticDrive 

19.  .TM  19--Hydrostatic  Brives  1 

20.  TMo20--Safety  Release  Mechanisms 

21 .  TM  21-Safety  Release  Mechanisms  (Continued) 

D.  Assignment  sheets  ,  - 

.4  f 

1V  Assignment  Sheet  #1 -Compute  the  Length  of  a  Flat  $elf 

2.  Assignment  Sheet  #2~Compute  the  Length  of  a  V-Belt 

3.  AssignmentvSheet  #3-Compute  Pulley  Size  aod  Speed 

E.  Answers  to  assignment  sheets  Vy 

F.  Job  sheets 

1.  Job  Sheet  #1-Troubleshoot  Chain  Drives  ^ 

2.  Job  Sheet  #2--Troub'leshoot  Belt  Drives      ,  C  ; 
:  3.  Job  Sheet  #3--Troubleshoot  Gear  Drives 

4.  Job  Sheet  #4-Troubleshoot  Hydrostatic  Drives  o  - 
.  5.  Job  Sheet  #5--Troubleshoot  Safety  Mechanisms 

G.  Test 

*  r 

H.  Answers  to  test  •  ' 

< 

References: 

A.  Fundamentals  of  Service:  Power  Trains.  Moline,  JL  61265:  JohfV Deere 
Service  Publications,  Dept.  F,  1-972.  ^ 

B.  Notgrass,  Troy.  The  AutomoLtve  Power  Traih  Mechanic.  Austin,  TX:  ln» 
structional  Materi^^m^Kvision  of  Extension,  The  University  of  Texas 
at  Austin,  1973. 


SPECIAL  DRIVES' 
UNIT  IX 


INFORMATION  SHEET 

Terms  a^d  definitions  ,  v 

•  *■«. 

A.  Detachable-link  chain-A  series  of  formed  links,  'either  open  or  closed, 
yyhich  can  be  detached  and  are  either  malleable  cast  iron  or  pressed  steel 
(Transparency  1)  \ 

(NOTE:*DetachabMink  chains  are  also  called  plain  chains.)^ 

B.  Roller  chain-Made  up  of  alternate  roller  links  and  pin  links  with  pin.s  and 
free  rolling  bushings  (Transparency  2)  , 

C.  Silent  chatn-A  series  6f  flat  metal., links,  with  a  tooth  shape  at  eath  end, 
connected  by  pins  to  form  a  flexible  continuous  chain  (Tragsparency  3) 

D.  Chain  pitch-Distance  "from.the  center  of  one  pin  to  the  center  of  the  next . 
•pin  "* 

E. ^  Sprocket  pitch-Distance  between  one  point  on  a  sprocket  tocJW  and  the 

corresponding  point^on  the  next  tooth 

F.  Alignment-Adjusting  or  positioning  parts  to  bring  into  line  (Transparency  5) 

G.  .  Misalignment-When  bearings  are  notion  the  same  center  line  with  good 

functional  or  workmg  limits  (Transparency  5)  * 

H.  ID-Inside  diameter     v       -  '  . 

I.  OD-Outside  diameter 

J.    .FPM-Feet  per  minute  i  . 

K.    Reciprocating  drives-Drives  that  change  a  rotary  motion  to  a  linear  motion 
1    (mowing  cutter  bars)  (Transparencies  6  and  7) 

L    Tension-Effort  which  elongates  or  stretches  a  material 

M.  Flat  belt-A'belt  of  flat  construction  used  where  pulleys  are  far  apart  and 
high  power  is  needed  for  a  separate  machine  (old  threshers  or  sawmills) 

fl.    V-belt-A  belt  of  V  construction  used  for  driving  light  loads  between  short- 
*   range  pulleys;  the  load  is  carried  on  the  sides  of  the  belt 

 „  ,   .  '      .   >      ,  r-  \ 

6.  Arc-Contact  (or  wrap)  between  belt  and  pulley  (Transparency  9) 
P.     Belt  slip-Slight  loss  of  speed  between  the  drive  and  driven  pulleys 
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INFORMATION  SHEET' 

*  -       Q.    Belt  creep-The  slight  stretching  of  the  belt  as  it  runs  over  the  pulley  (Trans- 
parency 9) 

(NOTE:  The  words  "sheave"  and  "pulley"  meanihe  same  thing.) 

\   R.    Hydrostatic  drive-A  drive  using  fluid  under  pressure  to  transmit  engine 
power  to  the  driven  unit  (Transparency  18)  . 

S.     Gear  drive-Type  of  drive  in  which  a  system  of  gear  arrangement  is  used 
to  ^ansmit  powec 

(NOTE:  When  two  gears  are  in  mesh,  all  slippage  is  gone;  for  this  reason, 
gears  are  widely  used  for  high  power  applications.) 

T.    Displacement-The  quantity  of  fjuid  a  pump -can  move  during  each,  revolu- 
tion * 

II.      Ty^es  of  chain  drives 

A<    Detachable-link  chain 

B.  Roller  chain  ,  4 

C.  Silent  chain 

Ml.      Detachable-link  chains  (plain  chain)  ^Transparency  1) 

A.  Series  of  formed  links  (closed  or  open) 

B.  Detachable  links 

C.  Larger  plam^hains  are^of  pintle  construction  (Transparency  10) 

D.  Low  speed  use  (conveyors  or  drags)  ; 

E.  Open  plain  chains  used  in  light  loads  >  ^ 

F.  Closed  pintle  chains  used  in  heavier  loads 
IV.      Roller  chains  (Transparency  2) 

Ar^  May  be  installed  in  multiple  strands  for'heavier  loads  , 

♦  «  * 

B.  Have  less  vibration  than  plairyelfain$ 

C.  Good  for  low  to  medium  speefl  heavy  loads.with  sprockets  far  apart 

D.  Made  op  of  pin  bushing  ancj.roller  for  less  wear  -  , 

»  ■  - 

E.  Two  types  of  roller  chains,  single  pitch  and  double  pitch 

.  -  j   .  ■  • ..  '.  .  ■  . . 

'.    ■  -  71.        '  •  . 
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V.  Silent  chains  (Transparency  3) 

A.  Sprockets  are  similar  to  gears  in  appearance 

B.  QuieterTSpSRTCftmnand  less  vibration. 

C.  Can  operate  at  higher  speeds 

D.  Some  have  links  with  teeth  on  bothtfsides  so  that  over-and-under  drives 
•  can  be  used  (serpentine  drives) 

E.  Used  as  timing  chains 

VI.  Characteristics  of  detachable-link  chains  ( 

3 

A.    .Used  at  speeds  up  to  500  RPM  N  ,  * 

.B;  ,  Ldw  in  cost  .  , 

!  C.     Ideal  for  conveyor  or  elevator  work 

D.  Provide  better  wear  under  dirty  conditions  -^V 

E.  Malleable  cast*  iron  chain  more  resistant  to  corrosion  than  steel'  (pintle) 

F.  Pressed  steel  has  lower  initial  cost 

VII.  Characteristics  of  standard  pitch  roller  chains 

A.  Satisfactory  at  speeds  of  100  FPM  to  4500-  FPM  depending  on  pitch 

B.  As  {peed  increases  the  pitch  must  be  decreased 

C.  May  be  98  to  99  percent  efficient  under  ideal  conditions 

D.  Oil  bath  lubrication  desired  for  high  speed  drives 

E.  Sprockets  may  be  driven  from  either  side  of  roller  chain 
VI I L  1    Characteristics  of  double  pitch  roller  chains 

A.  •  Satisfactory  for  small  sprocket  speeds  of  up  to  600-  RPM 

B.  Similar  to  standard  pitch  roller  chains  except  fes  twice  the  pitch  of  standard  • 
chain  '  *  V    "  ' 

IX.  '    Characteristics  of  silent  chains 

A*  ■  More  satisfactory  at  higher  speeds  than  roller  chains 

B.  Have  practically.no  sliding  action 

C.  Most  commonly,  .used  in  final'  drives  of  tractors  and  transfer  cases^for  four 
wheel  drive  vehicles 
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X.      Principles  ot  chain  drives 


T/ONSHE 


A.  Chain  drives  consist  of  one  or  more  sprockets  and.an  endless  chain 

B.  Tlje  links, of  the  chain  mesh  with  the  teeth  of  the  sprocket  and  maintain 
a  consent  speed  ratio  between  drive  and  driven  sprockets 

C.  Sprockets  on  the  same  side*df  a  chain  turn  in  the  same  direction 

* 

D.  Sprockets  on  the  opposite  side  of  the  chain  turn  in  opposite  direction 

^E.    Sprockets  should  always  be  no  smaller  than  ten  teeth  to  prevent  excessive 

wear'  *  .  \ 

F.    If  the'chain  has  even  number  of  pitches,  the  sprockets  have  to  have^an 
odd  nu'mber  of  teeth  or  vice  versa 

f  >  , .  •  •  • .  X 

(NOTE:  If  pitches  and  teeth  are  both  odd  dr  even,  it  will  cause  uneven  x 
.  wear  a/id  vibration.) 

6.    The  smafler  the  sprocket,  the  more  wear  on  chain  and  sprocket 

(NOTE:  On  small  sprockets  the  chain  bends  more  causing  more  wear  on 
chain  -and  the  small  sprocket  turns  more  R.P.M.  than  the  larger  sprocket 
causing  more  wear  on  smaller  sprocket.) 

~  XI.  .  Alignment  of  sprocket  shafts  §nd  sprockets  (Transparency  5) 

N      -  A.    Level  each.shaft  with  rfiachinist's  level  or  protractor 

B.  Align  all  shafts  parallel  to  each  other  by  making  sure  the  distance  between 
-    'the  shafts  is  equal  on  both  sides  of  the  sprockets 

C.  Align  sprockets  with,  straight  $dge  on  tbe  finished  surfaces  on  the  sides 
of  the  sprockets    •*  v- 

--* 

XI  I.      Adjustment^  chain  tension 

^  A.    Horizontal  and  inclined  drives       .  •  6  . 

,        1.  The  chain  sag-$hould  be  about  1/4"  per  foot  between  shaft  centers 

2.  All  slack  should  be  on  one  Side 

&.    Vertical  drives,  and  shock  loading  or  reversible  rotation  drives'  chains  should 
*     be  almost  taut 

XIII.      Methods  of  adjusting  chain  tension 

A.  Moveable  sprocket  shafts 

B.  Adjustable  idler  sprockets  - 

C.  Adjustable  shoe  7  1  "> 


0 
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Parts  of  a  chain  sprocket  (Transparency  11) 
A.    Tooth  height 


B. 

Tooth  thickness 

C.  V 

Tooth  width 

D. 

Point  width 

E, 

Tooth  face 

F. 

Base  circle 

G. 

Pitch  circle 

H. 

Outside  circle  . 

(NOTE:  Base" circle,  pitch  circle,  and  outside  cirde  are  imaginary  termsused 
to  define  movement  and  are  not  physically  parts  of  a  chain  sprocket.) 

Stretched  chain      -  * 

A.  Adjuster  has  reached  end  of  travel 

B.  Chain  begins  to  ride  oh  the  tips  of  the  sprocket  teeth 

(NOTE:  If  adjuster  has  reached  the  end  of  its  travel,  and  chain  still. 'fits 
sprocket,  remove  chain  linj<s  and  readjust  to  proper  tension.)*  , 

Reasons  for  lubrication  of  chains  /  .  ' 

A.  Reduces  wear  - 

B.  Protects  against  corrosion  • 

C.  Prevents  galling  \ 

D.  Prevents  seizing  of  pins  and  bushings 
Methods  of  lubricating  chain^ 

A.    Manual  lubrication 

(CAUTION:  Never  manually  lubricate  a  cfiaiathat  Amoving.) 

v 

1 .  Applied  with  brush  on  chain 

2.  Applied  with  spout  can  *  . 

(NOTE:  Lubricate  every  eight  hours  or  when  oil  starts  to  discolor 
between  joints;  manufacturer's  specifications  for  lubrication  should  be 
followed  carefully.) 
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B.     Drip  lubrication 

1.  Oil  drops  are  directed  between  the  link  plates 

2.  Oiling  should  be  sufficient  to  prevent  discoloration  of  oil  between 
joints 

Q.    Oil  bath  lubrication  ' 

•   1.   Lower  strand^fxhain  runs  through  a  sump  of  oil  *** 
.  .  2.  Oil  levfel  should  reach  pitch' line  of  chain  at  its  lowest  operating  level 

D.  Disc  lubrication 

1.  Chain  runs  above  oil  level  in  sump  1 

#. 

2.  Disc  rotates*  and  picks  up  oil  and  deposits  it  onto  the  chain  by  means  of ' 
a  trough  or  collector  plate  ' 

E.  OiPstream  lubrication 

1 .  Lubrication  is  suppliedby  a  pump  onto  chain  through  a  nozzle 

*  *,  * 

2.  Excess  returns  back  to  pump 

3.  Properly  lubricated  chains  will  not  show  a  brownish  color  at  joirift 
and  connecting  link  pins  will  be  brightly  polished 

XVII I.     Repair  of  chain  drives 

A.  Grind  off  heads  of  link  pins  or  remove  keys 

B.  Drive  out  the  two  pins  of  the  link  evenly  "       *  W* 
.   (NOT^:  A  chain-breaking  tool  is  an  efficient  method  of  removing* links.) 

C.  Reverse4 sprockets,  if  design  permits  • 
(NQTf£:  FJe^ersing'sprockets  can  increase  sprocket  life.) 

D.  Do  not  install  new  chain  on  worn  sprockets 
E*    Do  not  add  new  chain  Jinks  to  worn  chain 

XIX.      "Cleaning  chains  *  v 

A.  Wash  chain  in  cleaning  solvent     *  ; 

B.  Drain  and  dry  chain  < 

C.  Soak  chain  in  oil*'* 

D.  Hang  chain  to  let  excess  oil  drain  off 
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Types  of  belts 

A.  Flat  belt 

B.  V-belt' 

i 

C.  Round  belt 

D.  Polygrooved  ofribbecl  bejt 

XXL      Factors  governing  the  ability  of  belts  to  transmit  power 

A.  Tension  of  belt 

B.  Friction  of  belt  to  pulley  1  * 

(NOTE:  Type  of  material  belt  and  pulley,  are  made  of  help  determine  the 
amount  of  friction.) 

C.  Speed  of  belt  ^  1  ;  ' 

(NOTE:  The  higher  the.  speed,  the  less  contact  and  friction  between  belt 
and  pulley.) 

D.  Belt  wrap  on  pulley 

(NOTE:  The  more  wrap  on  a  pully,  the  more  area  for  friction  contact.) 

XXII.  Belt  drive  arrangements  (Transparency  12) 

A.  Open       \  . 

B.  Turned  ; 

C.  Crossed  .  

D.  Serpentine 

E.  -  Mule 

XXIII.  Belt  sections  used  on  combines  (Transparency  13) 

A.  1/2X5/16 

B.  21/32  X  13/32 

C.  778X  17/32 

D.  1  1/4  X  3/4 

E.  1  3/4  X  25/32 

F.  .2  1/4  flat  12  ribs 
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XXIV.  Adjustable  pulleys  (Transparency  14) 

A.  Used  to  adjust  belt  tension 

B.  Used  to  change  belt  speed 

1.  Moving  belt  in  on  drive 'pulley  and  out  on  driven  pulley  decreases 
speed  of  driven  pulley  "  .  r<>< 

2.  Moving  belt  out  on  drive  pulley  or  in  on  driven  pulley  increases  driven 
puJIe^  speed 

XXV.  Determining  the  length  of  a  flat  belt  (Transparency  15T^ 

A.  Add  togethefrthe  diameters  of  the  two  pulleys  , 

B.  Divide  ttje.sum  by  two4nd  multiply  the  quotient  by  three 

C.  To  this  product,  add  twice  the  distance  between  the  centers  of  the  two 
pulley  shafts  * 

Example:   1.  8"  +4"  -  12"  '    ■  *  * 

2.  12"^2  =  6"  and  6"  X3  =  18" 

3.  18''  +  18"  +18"  =  54"  length  of  belt 

XXVL     Determining  thelength  of  aVbelt  (Transparency  16) 
A.    Symbols  / 

1 .  L  =  Length  of  belt' 

2.  C  =  Distance  between  centers  of  sheaves 

3.  D  =  Outside  diameter  of  large  sheaves 

4.  d  =  Outside  diameter  "of  small  sheaves 


B. 


Formula--'!.  -  2C  +  1.75{D  +  d)  + 


Example:  C=  18' 


D  =  8" 


L=  2(18")  +  1.75(8  +  4)  + 


d  =  4" 
8-4 


.4(18) 


L=  36  +  1.75(12)  + 

L=  36  +  21  +  .055 
L=  57.055 
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XXVII.  '  Determining  pulley  sizes  and  speeds  {Transparency  17) 
( A.  Symbols 

1.  D  =  Diameter  of  driver  pulley 

2.  S  =  Speed  of  driver  pulley 

3.  d  =  Diameter  of  driven  pulley 

4:  $,=  Speed  of  driven  pulley       '  % 

B,    Formula-D  X  S  ='d  X  s 

Example:  D  =  2"'  $=  1000  RPM 

%(6)  =  2(1000) 
_2000 


d  =  6"  > 


s  =  333.33  RPM 


XXVI I L  Belt  tension 


s 


A.  Results^of  two  little  tension 

1.  Broken  belt 

2.  Burned  spots  '  v 

3.  Excessive  cover  wear 

4.  Overheating  of  belt  arid  pulley  ^ 

B.  Results  of  too  much  tension  k 

1.  Beltheatingi 

2.  Excessive  stretch 

3.  Damage  to  bearings  in  drive  and  driven  units 

4.  Damage  to  pulleys 

C.  Correct  tension  on  V-belt 

1.  Belt  should  show  springiness  when  hit  with  the 
2c  Belts  should  not  vibrate  likfe  a  rubber  band 
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3.  Properfy  adjusted,  a  belt  should  deflect  about  one  thickness  of  thk 
belt  at  a  point  midway  between  sheaves 

(NOTE:  Belt  tension  should  always  be  set  according  to  manufacturer's 
specifications.) 

4.  Belt  shouid'be  readjusted  after  1  hour  of  ^operation  and  checked  period- 
ically 

(NOTE:  Injtial  belt  seating  §nd  ^retch  occurs  during  first  24  hours 
of  operation.) 


» 


XXiX.     Belt  care  and  maintenance 

A.  Problems  caused  by  oil  and  grease  and  their  solutions 

1.  Causes  belts  to  become  soft  -  *  • 

«*  *  * 

/  1  2.  Causes  belts  to  slip 

3.  Clean  with' soft  cloth  soaked  in  solvent 

B.  Problems  caused  by  beat  over  120°  F  \  .  * 

1.  Belts  may  harden 

.  2.   Belts  may  crack 

3.  Belts  may  stretch  ^  „ 

(NOTE:  Be  sure  to  keep  baits  "ventilated  properly  by  keeping  shields 
and  screens  clean.)  * 

-   C,  '  Matching  of  belts  '  .  • 

1.  If  one  belt  in  a  set  needs  replaced,  replace  all  belts  in  that  set  7  , 

2.  '  Never  use;  belts  manufactured  by  different  companies  in  the  same  set 
D/   A  belt  should  seat  1/16"  above,  or  below  outer  edge  of  Sheave 

XXX:      Maintenance  of  pulleys  or^heaves 

A.    Worn  sheave  grooves  can  be  caused  by: 

1.  Dust   '  • 

2.  Corrosion  'from  moisture  and  ehemicals  in^the  air  . 

(tyOTE:  When  sheaves  grooves  are  worn  1/32"  or  more,  the°sheave 
should  be  repaired,  regrooved,  or  replaced.) 
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B.  Shiny  sheave  groove  bottom  can  be  caused  by: 

1.  Worn  belt 

2.  Worn  sheave 

3.  Wrong  sheave' 

4.  Wrong  belt 

(NOTE:  Shiny  sheave  bottom  groove  is  caused  by  belt  bottoming  in 
sheave  groove.)  '  . 

'  '      .  .  /       '  )  '  '> 

C.  Wobbling  sheaves  can  be  caused  by:  /m 

1.  Bent  shaft 

2.  Bent  sheave 

3.  ^Worn  or  damaged  shaft  bearings 

r   (NOTE:  A  wobbling «sheave  should  .be  corrected  at  once  to  prevent 
belt  ok  unit  damager)"  ^ 

4.  Worn  bore  in  sheave  \ .  '  / 
Types  of  gear  drives 

A.  Screw  gears 

1 .  Used  in  screw  "jacks 

2.  IJsed  in  machine  feed 

B.  Bevel  gears 

1.  Used  to  change  direction  (hand  crank  controls) 

2.  -Used  in  ring  gear  and  pinion  (rear  axle,  right  angle  drivel) 

C.  Worm  gears  (screvtr) 

K  Used  in  steering  gears 

2.  Llsed  in  winch  drives 

3.  Used  in  applications  with  high  speed  input  and  low  speed  output 
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XXXIf.    Methods  of  lubricating  gears  „ 

(NOTE:  Gear  drives  require  many  types  of  lubrication  from  simple  oils  to  com-  * 
plex  formulas.  For  type  of  lubricants  to  use,  consult  manufacturer's  operator's 
manual.) 

A.  Splash  pan,  which  the  gears  run  through 

B.  Hand  lubrication  by  brushing  or  squirting  lubricant  on  gears 

C.  Automatic  lubrication  by  drip  oiler 

D.  Farced  lubrication  by  means  of  a  pump 

XXXIII.  Gear  backlash  l«     •  » 

A.  Too  much  gear  backlash,  the,  clearance  or  play  between  two  gears,  can  be 
caused  by  any  of  the  following:  , 

1.  Worn  gears 

2.  Improper  meshing  of  teeth 

* 

3.  Worn  bearings 

4.  Improper  bearing  adjustment         '  0 

B.  Too  much  backlash  results  in  severe  gear  teeth  impact  causing  damage  to 
gear:  teeth 

C.  Gear  backlash  is  adjusted  either  by  shims  or  by  bearing  preload 

D.  Gear  backlash  in  some  cases  is  preset  at  manufacture  by  gear  and  bearing 
arrangement 

°   .          '  (NOTE:  Always  set  gear  backlash  according  to  manufacturer's  service 

manual.) "  •  * 

XXXIV.  Types  of  reciprocating  drives  and  their  characteristics 

(NOTE:  A  reciprocating  mechanism  is  not  actually  a  drive  but  is  a  supplement  or 
helper  for  the  drwe.)    •  '  _  .. 

fc  A.    Crankwheel  andx^ver  (Transparency  6)  ^ 

1.  Crankwheel  has  lever  mounted  off  center  ^  # 

2.  As  wheel  turns  one  revolution^ lever  makes  two  strokes 

,(NOTE:  A  mower  cutting  bar  is  an  example  of  a  machine  using  this 
principle.) 
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B'.    Crank&rm  and  lever  drive  (Transparency  7) 

1 .  Operates  like  a  crankshaft  and  rod  assembly  in  an  engine  , 

2.  Has  a  flywheel  or  counterbalance  to  offset  the  inertia  of  the  sudden 
changes  in  direction  * 

\      NT  >  P 

3.  The  (direction  of  the  counterbalance  is  always  the  opposite  of  the 
pitman  or  lever 

(NOTE:  The  plunger  head  in  a  hay  bailer  is  driven  by  a  crankarm  and 
lever  assembly.)  * 

C.    Cam  drives  (Transparency  6) 

•  1:  Change  rotary  mention  to  reciprocating  motion  by  use  of^a  cam  and  cam 
■  follower  • "  ■ 

2.  Cam'follower  always  returns  to  the  same  starting  point 

3.  Action  may  be  simple  direct 'motion,  complicated  motion,  or  delayed 
motion, 

4.  Cam  drives  may  use  a  spring  load,  gravity,  or  a  track  to  return  them 
to. their  starting  position 

#XXV.    Maintenance  of  reciprocating  drives 

A.  Lubrication  is  the  key  to  good  operation  of  all  mechanical  drives;  any 
moving  part  that  contacts  another  part  should  be  lubricated    *  . 

B.  Points  of  maintenance 

1.  'Bearings  should  be  kept  lubricated  and  checked  for  wear  or  damage 

periodically 

2.  Cam  tracks  or  cam  surfaces  require  greasing  for  smooth  operation 
,                   ,  and  minimum  wear 

3.  Hinged  areas  need  lubrication 

4.  Enclosed  drives  should  have  oil  level  checked  periodically 

5.  Refer  to  machine  operator's  manual  for  proper  lubrication  pepods 
+             and  type  of  lubricants 

XXXVI.  Hydrostatic  drives  (Transparency  18) 

A.    Fixed  displacement  pump  with  fixed  displacement  motor  (Transparency  19) 

V.  Constant  input 'speed  gives  constant  horsepower  and  torque -at  the 
.output 
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2.  Input  speed  varies;  output  horsepower  and  speed  will  vary,  but  torque 
will  remain  the  same 

3.  When  both  pump  and  motor  are  fixed  displacement  they  act  as-a  gear 
drive        .  ; 

B*.    Variable  displacement, pump  with  fixed  displacement  motor  (Transparency  * 

19)  '  . 

»  * 

1.  Pump  output  is  variable,  motor  output  speed  is 'variable  and  torque  , 
output  is  constant  for  any  given  pressure 

2.  This  type  drive  gives  variable  speed  and  constant  torque  • 

C.  1  Fixed  displacement  pump  with  variable  displacement  motor  (Transparency 

19) 

1 .  Output  speed  controlled  by  changing  the  motor  displacement 

2.  Motor  .displacement  decreases,  output  speed  increases,  and  tortjue  ■ 
decreases 

'  3.  When  balanced,  constant  tiorsepower  output  is  obtained 

D.  Variable  displacement  pump  with  variable  displacement  motor  (Trans-  . 
A  parency  19) 

1.  Output  of  both  constant  torque  and  constant  horsepower,  (torque  X 
speed  =  horsepower) 

2.  Most  flexible  drive  but  aFso  is  the  mpst  difficult  to  control 

\  ' 
XXXVII.  Reversing  hydrostatic  drives 

A.  Reversing  output  shaft  of  motor  can  be  done  by  shifting  either  the  pump 
or  motor  swashplates 

B.  In  neutral,  the  swashplate  is  verticaUand  no  oil  is  pumped         *  ( 

C.  In  forward,  theytttfSSFfplate^tilted  and  oiHs  pumped  in  one  direction 

D.  In  reverse,  the  swashplate -is  lilted  the  opposite  way  and  oil  is  pumped 
the  opposite  direction  reversing  the  motor  output 

(NOTE:  The  pump  drive  shaft  always  rotates  clockwise,  but  the  motor 
drive  shaft  can  rotate  in  either  direction,  depending  oh  the^direction  of  the 
oil  flow  from  the  pump.)  %       .  , 
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XXXVIII. Maintenance  of  hydrostatic  drives  .  ^ 

A.    Clean  unit  before  removing  components 

A.  Steam  clean  complete  arvea  around  component  to  be  worked  on 

2.   If  steam  cleaning  is  unavailable,  use.  a  cleaning  solvent 

-  (NOTE:  Never  use  paint  thinner,  gas,  or  acetone  to  clean  the  area 
to 'be  worked  on;  they  arer  fire  hazards  ana  could  damage  hoses.) 
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3-  Prevent  water/frontentering  system  when  steam  cleaning 

B.  Precautions  to  take  before  repairing  pump  or  motor 

1.  Seal  all  lines  and  fittings  with  plastic  bags  or  plugs  as  lines  are  removed 

♦ 

2.  Have  a  container  of  clean  solvent  to  wash  parts  in 

3.  Have  clean,  dust  free  work  area 

4.  Have  a  container  of  clean  transmission  fluid  to  lubricate  parts  as  they 
are  assembled 

5.  Ha&e  a  container  of  clean  petroleum  jelly  to  lubricate  surfaces  where 
needed 

♦        (NOTE:  Internal  service  on  either  the  pump  or  motQr  must  be  done 
under  extremely  clean  conditions.  The  tolerances  in  these  units  are 
similar  to  those  in  diesel  injection  pumps  and  equal  care  must  be 
taken.) 
•  **■• 

6.  Have  new  o-rings  and  gaskets  , 

7.  Have  new  or  clean  oil  for  ?ystem 

XXXl^.  Testing  hydrostatic  drives  •  . 

^A.    Test  charging  and  operating'oil  pressures 
-  B.    Test  for  oil  flow  rate  and  oil  temperature 

•  X 

C.  Use  the  proper  test  equipment  and  procedures  as  given  in  the  machine 
9     technical  manual. 

XL.X      Functions  of  a  safety  release  mechanism 

(NOTE:  In  a  machine  where  one  power  source  drives  several  work  functions<and 
each  function  has  a  different  work  load,  a  torque  limiting  factor  or  safety  release 
mechanism  is  placed  in  the  power  line  to  prevent  damage  in  case  an  obstruction 
enters  the  machine.)  *^ 

A.  Relieves  shock  on  the  power  source 

B.  Protects  machine  doing  the  work  sr 
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XLI.      Types  of  safety,  release  mechanisms  and  their  descriptions 
A.    Slip  clutches  (Transparency  20) 

1.  Installed  in  drive  line  * 

2.  Works  by  means  of  friction  discs  and  springs 

^\       3.  Obstruction  in  machine  overcomes  friction  clutch  facings,  preventing 
 ,  :  damage  to  machine  


4.  Tension  can  be  adjusted  at  the  springs 

B.  Jump  clutches  (Transparency  21) 

1.  Installed  in  drive  line 

2.  Have  ratchet  teeth  and  spring  tension  ■ 

3.  *  In  case  of  overload,  the  spring  tension  is  overcome  and  ratchet  slips, 

disengaging  the  power;  train  <  ^ 

4.  Tension  should  bp  adjusted  at  spring 

C.  Shear  pin  (Transparency  21)  " 

1.  Works  on  stress  principle 

2.  The  harder  the  pin^the  more  force  it -takes  to  shear 

3.,  When  an  obstructiorTenters  the  machine,  the  pin  will  shear,  protecting 
the  machine  * 

4.  Shear  pins  are  inexpensive 

—  -    .5.  When  pin  shears^the  machine4s-irioperative  until  pinis.replaced  


XLII.      Maintenance  of  safety  mechanisms 

A.  Lubricatipa  of  safety  rtnechanisms 

-  1.  4-ight  coat  of  oil  on  faces  of  clutches  to  prevent  sticking 

t  2.  Too  much  oil  causes  slipping 

i 

3.  Lubricate  springs 

\  4.  Lubricate  shafts  where  they  cdme  together 

B.  Follow  machine  specifications  for  adjustment  of  safety  mechanisms  and 
' proper  shear  pins  . 
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Inside  Plate 


Standard  Pitch 
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Double  Pitch 


Silent  Chain 


Pitch 
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Determining  Pitch  on  Roller  Chains 


Afignment  and  Misalignment  of  Sheaves 

*  *  — 


Tie  Cord 


Belt  pulleys  are  in  alignment  when  cord 
touches  sheaves  at  points  indicated  by  arrows. 


Pulleys  misaligned  can  damage  V-belt. 
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Reciprocating  Drives 


Pitman 
Lever 


Crankwfreel 


Crankwheel  and  Pitman  Lever  Driving 
Mower  Blade 
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XTwin  Wheels-H^ 


Short  Pitman 


Blade 


Twin  Wheef  tlrive  Operating  Mowing 
Cutter  Bar 
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Reciprocating  Drives 


(Continued) 


On  Return 
Stroke 

Pitman  Moves 
Back  To  Left 


Pitman  (Lever) 


Crank  Arm 


Bevel 
Gears 


Drive  Shaft 


Work  Elemeht  (Plungerhead) 


Flywheel  or  Counterbalance 


Crankarm  and  Lever  Drive  For  Hay  Baler  Plungerhead 
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Belt  Creep 


Slack  Side 


Creep  Ends  Here 


Belt  Arc 


Creep  Begins  Here 
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Tooth  Thickness 


Tooth  Height 


Tooth  Width 
Point  Width 


Pitch  Circle 


Outside  Circle 


H  4    *  «  » 

V  1  ' 


Tooth  Face 


Base  Circle 


Cross  Section 
of  Sprocket 
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Belt  Drive  Arrangements 


Open 


Turned 


Crossed 


Serpentine 
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Qetermining  the  Length  of  a  Flat  Belt 

1.  Add  together  the  diameters  of  the  2%  pulleys. 

■  "'      *  J 

2.  Divide  this  sum  by  2  and  multiply  the  quotient  by  3. 

3.  To  this  product,  add  twice  the  distance  between 
the  centers  of  the  two  pulley  shafts. 


2.12 +2=6"  and  6"*  3=18" 


3. 18"  +  18"  +  18"  =  54 


Determining  the  Length  of  a  V-6eK 


i    1  1 

L  =  Length  of  Belt 

C  =  Distance  Between  Centers  of  Sheaves 

h  . 

D  =  Outside  Diameter  of  Large  Sheaves 
d  =  Qutside  Diafneter  of  Small  Sheaves 

* 

\      L=2C  +  1.57(D  *d)  +  ^^  . 
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Determining  Pulleys  Sizes  and  Speeds 


.  Driven  Pulley 

<•*  ■  D  =  Diameter  of  Driver  Pulley 

S  =  Speed  of  Driver  PuJIey 
d  =  Diameter  of  Driven  Pulley  „ 
s  =  Speed  of  Driven  Pulley 


Hydrostatic  Drive 


Connecting  Oil  Lines 
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Motor 


Input 


Pump 


Motor 


Swashplate 
Angle 
Always  the  Same 


Swashplate  Swashplate 

.  Angle  Angle  Can 

Always  be  Changed 
the 


Output 


Swashplate. 
"  Angle 
Always  the  Same 


Fixed  Displacement  Pump,  &me 
Fixed  Displacement  Motor 


,  Pump 


Motor 


Variable  Displacement  Pump 
Fixed  Displacement  Motor 


Input 


Output  Input 


Output 


Swashplate 
Angle  Always 
the  Same 


Swashplate 
Angle  Can 
be  Changed 


Swashplates 
Can  be 
Adjusted 
(Independently! 

Swashplate 
Angle  Carl 
be  Changed     Flow  Can  be  Reversed 


Swashplate  Anglfe 
,  Can  be 
Changed 


Fixed  Displacementrpump 


7 i'j  Variable  Displacement  Motor 

Courtesy  DEERE  &  CO.,  MOLINE,  IL 


Variable  Displacement  Pump 
Variable  Displ^ement  Motor 
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Safety  Release  Mechanisms 

,  ,  Slip  Clutches '  •  ' 


.  Adjusting  , 
•*•-  Springy...  . 


Clutch  Facing  • 

•  Y. 

Revolving  Plate 

Two-Piece 
Drive  Shaft 


J 


Slip  Clutch 
(Engaged) 

7  Go 


Courtesy  DEERE  &  CO.,  MOLINE,  IL  m. 


er|c 


TM  20 


Safety  Release  Mechanisms 

(Continued) 
Jump  Clutches 


'  Engaged 


7  CI  Courtesy  DEERE  &  CO.,  MOLINE,  IUr  • 
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SPECIAL  DRIVES 
UNIT  IX  • 


ASSIGNMENT  SHEET  #1--C0MPUTE  THE  LENGTH  OF  A  FLAT  BELT 


Directions.  Use  the  sizes  and  dimensions  .given  to  compute  the  length  of  the  flat  belt^s 
m  each  of  the  following  illustrations;  show  your  complete  calciilatioris  besidereach  illustra- 
tion. 


, '  r  7 


a. 


-856 


/ 


ASSIGNMENT  SHEET  #.1 
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.  J£ .  ^3p.  »  -flg.       Vfr1  - 


d. 
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SPECIAL  DRIVES 
UNIT  IX 

ASSIGNMENT  SHEET  #2~C0MPUTE  THE  LENGTH. OF  A  V-BELT 

Directions:  Use  the  sizes  and  dimensions  given  to  compute  the  length  of  the  V-belts  in  each 
of  the  following- illustrations;  show  your  complete  calculations  beside  each  illustration. 
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ASSIGNMENT  SHEET  #2 
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SPECIAL  DRIVES 
UNIT  IX 


ASSIGNMENT  SHEET  #3-C0MPUTE  PULLEY  SIZE  AND  SPEED 

<  -  ■  *  - 

Directions.  Use  the  technical  information  given  to  compute  pultey  sizes  and  speeds  in 
-the  following  illustrations;  show  your  complete  calculations  beside  each  illustration. 


2100  RPM 
/ 


2" 


a.     s  = 


Assignment  Sheet  #1 


a. 
b. 
c. 
d. 


-41" 

46.5" 

45" 
-47" 


.Assignment  Sheet  #2 


a. 
b. 
c. 

d: 


37.6" 
30.125" 
32.05" 
43.767" 


Assignment  Sheet  #3 


a. 
b. 
c. 
d. 


600  RPM 
555.56  RPM 
2000  RPM 
533.33  RPM 


PT-861' 


SPECIAL  DRIVES 
UNIT  IX 


ANSWERS  TO  ASSIGNMENT  SIpLEETS, 


7  CO 


o 

ERIC 


SPECIAL  DRIVES  1 
UNIT  IX 


JOB  SHEET  #1--TROUBLESHOOrCHAIN  DRIVES 


Tpols  and  materials* 

A.  ^Creeper 

I 

B.  Light!  f 

C.  .Tape  measure  f  ,  *  ^ 
Procedure  *  * 

♦A.    Identify  problems  ^  *  -  * 

B.  List  possible  causes 

C.  Troubleshoofpossible  causes 

D.  Complete  troubleshooting  checklists  ■ 

(CAUTION:  When ,  troubleshooting,  keep  hands  and  Clothing  away  from 
moving  chains.)  >  . 

Troubleshooting  checklists 


A. 

Problem:  Excessive  noise 

« 

\ 

Other 

Possible  causes 

OK 

Corrected 

x  Observations 

* 

1. 

Sprocket  misalignment 

2. 

Wrong  chain  tension 

h 

¥ 

Improper,  chain  lubrica- 

tion 

4. 

Loose  castings  or  bear- 

? 

ings^ 

5. 

Worn  sprockets 

6. 

Wrong  chain  pitch 

(NOT.E:  The  column  "Other  Observations"  should  be  used  when  a 
condition  requires  a  major  repair,  a  replacement  part,  or  technical 
attention  that  '  requires  special  expertise;' other  columns  should  be. 
checked  and  dated  as  appropriate.) *       m  . 


JOB  SHEET  #1 


s 


/ 


OK 


B.  .  Problem:  Chain  climbing  sprockets 

*  Possible  causes 

1.  Wrong  chain 

»    *   2.  ''Worn  chain, 

,  3.   Lack  of  chain  wrap  on' 
sprockets 

4.  Too  mtich  chain  slack 

5.  Material     build-up  in 
sprocket  tooth  pockets 

6.  Worn  sprocket's 
,  1 

C.  *  ProblerhrBrokeri  piFCKusfi^ 


Corrected 


Other 
Observations 


Possible  qatises  • 

* 

1.  Chain  running  too  fast 

2.  Slack   or  sudden  loads 


3:  Material     build-up  in 
sprocket  tooth  pockets 

4|  Improper  lubrication 

5.  Chain  or  sprocket  corro- 
sion- 


6.  Wrong  chain  . 

/ 

7.  'Worn  sprockets 


OK 

Corrected  \ 

Other  * 
Observations 

— *- 

^  ; 

r  • : 

JOB  SHEET  #1 


Problem:  Chain  clinging  to  sprockets 


f  Possible  causes 

1.  Wrong  chain 

2.  Worn  sprockets 

3.  Heavy  or  tacky  lubricant 

4.  Excessive  slack 

5.  Material-    build-up  in 
sprocket  tooth  'pockets 


OK 

urner 
Obs/rvations 

\ 

XT' 

* 

Problem:  Cham  whipping 


Possible  causes 

OK 

Corrected 

Other 
Observations 

1.  Too  much  slack  in  chain 

2.   High  pulsating  load 

m  3.   Stiff  chain  joints  ■ 
4.   Uneven  wear  on  chain 

9 

L 

0 

5.   New  link  in  chain 

Problem:  Chains  getting  stiff 

Possible  causes 

OK 

~  « 

Corrected 

Other 
Observations 

1.   Lack  of  lubricant 

2.  Oorrosion 

3.  Excessive  load 

4.  Material  build-up  in  chain, 
joists 

5.  Peeling    of    side    plate  .  , 
.edges''  - 

# 

6.  Misalignment 

1 

866 

/ 


JOB  SHEET  #1 
G.    Problem:  Broken  sprocket  teeth- 


Possible  causes 

OK 

oorreciea 

Other 
UDservations 

t 

1 .  Obstruction    or  foreign 
material  4 

<              2.  Excessive  shock  loads 

»  ft 

3.  Chain,  climbing  sprocket 
teeth 

c 

*  %. 

H.    Problem:  Failure  of  chain  fasteners 

V 

Possible  causes 

OK 

Corrected 

Other  * 
Observations 

< 

1.  Vibration 

2.  Obstructions  striking  fas- 
'                           teners        *              ,  t 

3."  Improperly  installed  fas- 
teners 

r 

I.     Problem:  Drives  running  too  hot 

Possible  causes 

OK 

Corrected 

Other 
Observations 

*1.  Chain  running"  too  -  fast 

2.  Lack  of  lubrication 

3.  Immersed  too  deep  in  oil 
bath* 

4. "  Chain     shafts  rubbing 
_                           against  obstruction 

SPECIAL  DRIVES  > 
UNIT  IX 


JOB  SHEET  #2«TROUBLESHOOT  BELT  DRIVES 
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III. 


Tools  ?nd  materials 

A.  Belt  tension  gauge 

B.  Light 

C.  Straight  edge 

Procedure  % 

A.  Identify  problems 

B.  .     List  possible  causes 

C.  Troubleshoot  possible  causes 

D.  Complete  troubleshooting  checklists  .  ' 

(CAUTION:  When  troubleshooting,  keep  hands  and  clothing  away  fronv 
moving  belts.)  •  * 

Troubleshooting  checklists  •  » 

ft.    Problem:  Belts  turning  over  in  sheaves 


Possible*  causes  . 

1.  Misalignment  of  sheaves 
^  ■    and  shafts*. 

2.  Worn  sheave  grooves 

3.  Misalignment    of  idler 
sheaves 


4"!  Belt  damage  from  wrong 
installation 


OK 

Corrected 

.  X)ther 
Observations 

r 

* 

V 


(NOTE:  Use  straight  edge  to  check  .sheave  alignment;  check ^and  date 
appropriate  columns,  and  use  "Other  Observations11  column  to  note 
special  problems.)  •  * . 


i  k  i 


,  868 


"  JOB  SHEET  #2 


9 
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D. 


Pr.oblem>Belt  squeaks 

4k 

Possible  causes             ,  -  g 

■  r 

ok' 

Corrected 

v  utner 
'  Observations 

§ 

1.  Too  high  starting  load'/  • 

.  2.   Improper    belt'  tension 

3. f  Overload 

•«  * 

*> 

4.  Worn  belt 

Problem:  Belt  stretch 

s 

Possible  caus_esl__  

OK 

Corrected  ' 

Other 
Observations 

•  Drive  operated  under  too 
much  tension 

2.  Wrong  belt    1               *  4 

3.  Poor  storage   in  damp 
place 

Problem:  Belts  brealgng  prematurely 
Possible  causes     ,  c  * 


1.  Foreign      material  in 
sheaves         '  .  • 

2.  Extreme  overload 

3.  Belt  damaged  during  in- 
stallation 


E.     Problem:  Belt  life  too  short  * 

Possible  causes 

1.  Worn  sheaves 

2.  Oil   or   grease  on  .belt 

3.  High     temperature  "at 
sheaves 

4.  Belt  rubbing  a  guard  or 
belt  guide 

5.  Belt  slipping  / 


OK 

Corrected 

Other 
Observations 

OK 

Corrected 

Other  4 
Obseryations 

*  • 

♦ 

r 

3 

PT.869 


III. 


SPECIAL  DRIVES 
UNIT  IX  • 


JOB  SHEET  #3--TROUBLESHOOT -GEAR  DRIVES 

1  -  ' 

Tools  and  materials'  ,  / 

A.  "  Dial  indicator  *   *  . 

B.  •  Light 

C.  Hand  tachometer/"     - '    \  " 
Procedure 

A.  Identify  problems 

B.  List  possible  causes 

C.  Troubleshoot  possible  causes 

D.  Complete  troubleshootmg.checklistsj 
Troubleshooting  checklists 


A,    Problem:  Gears  wjth  fins  around  edge  of  teeth 


Possible  causes 

ok 

Corrected 

Otfcrer 
Observations* 

J.  Too  much  backlash 

2:  Continues  overloading  - 

_  3.   Intermittent  overloading  * 

4.  Defective  hardening  of 
gears 

(NOTE:  Check  and  date  appropriate  columns,  and  use  "Other  Observa- 
tions11 .column  to  note  special  problems.) 


v 


9 

ERIC 


-B.    Problem:  Gears  with  teetK  burned  from  overheating 


Possible  causes 

1.  Too  little  backlash 

2.  Overspeeding  ■ 

3.  Overloading 

4j  Lack  of  lubrication 


OK 

Corrected 

Other1 
■•"  Observations 

> 

776 


JOB  SHEET  #3 


Problem:  Gears  with  scored  teeth 


Possible  causes 
1.  .Lack  of  lubrication 
fc.  Excessive  speed 

3.  Overloading 

4.  Too  little  clearance 


OK 

\ — 

Corrected 

Other 
,  Observations 

\ 

Problem:  Gears  with  abrasions  or  fine  scratches  on  teeth  > 
Possible  causes 


.  Other 

OK 

Corrected 

■  Observations 

in  gears 

in  gears 

E.    Problem:'  Gears  with  pitted  or  broken  teeth 


'Possible  causes 

1.  Overloading 

2.  Too  much  backlash  , 

3.  Shock  loading 


OK 

Corrected 

Other 
Observations 

» 

J  * 


(   ■  x      SPECIAL  DRIVES 

UNIT  IX'  „ 

JOB  SHEEt  #4-TROUBLESHOOTHYDROSTATIC  DRIVES 

Tools  and  rinaterials  1 

A.  Basic  hand  tools 

B.  Pressure  gauges 

C.  Hydraulic  flow  meter 

D.  ■  Shop  towels  »  , 

E.  Cleaning  solvent  • 
Procedure  ^  ,  - 

A.  Identify'problems 

B.  "  List  possible  causes  -  . 

C.  Troubleshoot  possible  causes 

D.  Complete  troubleshooting  checklists 
Troubleshooting  checklists  m  1 

A.    Problem:  Drive  not  moving  in  forward  or  reverse  drive 


Possible  causes  * 

OK 

.Corrected 

Other 
Observations 

.    .  1.   Improper  fluid  level 

2.   Fluid  leaks 

3.  Clogged    oil   filter  and 
*    .  screen 

4.   Binding  control  linkage  , 

*  5.  Slipping   coupling  from 
engine  to  pump 

^  6.  Slipping   coupling  from 
motor  to  gear  train 

• 

JOB  SHEET  #4 


Possible  causes 
7 


Lovtf  br  no  charge  pres- 
sure (Use  gauge  to  check 
charge  pressure  control 
valve,  check  for  binding 
pumpv  drive,  and  for  oil 
line  restrictions) 


8.  Low  or  fluctuating  charge 
pressure  (Bleed  air  from 
system,  cl^ck  *or  dam- 
aged  preSsgre  control 
valve,  check  for  faulty 
check  valves) 


OK 


Correyec 


Other 
Observations 


EL    Problem;  Hydrostatic  drive  movi$  in  only  one  direction 


t                                               >  v 

Possible  causes  ' 

OK 

Corrected 

Other 
Observations  ' 

1.   Faulty    control  linkage 

2.   High  pressure  relief  valve 
stuck  open 

• 

3.   Faulty  check  valves. 

4.   Faulty  directional  con- 
trol valve 

coir 


C    Problem:  Hydrostatic  drive  operating  hot 


Possible  causes 

1.  Improper  oil  Jevel 

2.  Clogged  air  passage  in %dil 
cooler 

3.  Fan  belt  to  oil  cooler  fan 
worn  or  improperly 'ad- 
justed 


OK\CorrecJ^d 


77J 


Other 
Observations 


PT-873 


•  *  JOB  SHEET  #4 

♦ 

D.    Problem:  Loss  of  acceleration  arid-power 
Possible  causes      '  - 


1.  Internal  leaks 

2.  t^igh  pressure  relief  valve 
stuck 

3.  Internal  damage  in  pump, 
or  motor 


Other  v 

OK 

Corrected 

Observations 

i  * 

r 

E.     £roblerh:  Sluggish  acceleration  or  deceleration 


* 

Possible  causes 

OK 

Corrected 

Other 

Observations 
 * 

/  > 

1.  •  Hydraulic  system  (may 
need  bleeding) 

• 

2.  Control  orifice  partially 
blocked 

3.  Internal  damage  in  pump 
or  motor 

i 

78 11 


SPECIAL  DRIVES 
UNIT  IX 


JOB  SHEET  #5~TR0UBLESHO0T  SAFETY  MECHANISMS 


Tools  and  materials  ' 

A.  Basic  hand  tools 

B.  Cleaning  solvent 

C.  .  Compressed  air 
Procedure 

A.  Identify  probleims 

V* 

B.  List  possible  causes 

C.  Troubleshoot- possible  causes 

D.  Complete  troubleshooting  checklists 
Troubleshooting  checklists 

A.    Problem:  Slip  clutch  continually  slipping 


Possible  causes* 

OK 

Corrected 

 .  4-  

Other 
Observations 

1.  Weak  spring  tension 

*fc    2.  Worn   belleville  washer 

3.  Oiled  or.  glazed  clutch 
linings 

4.  Improper  assembly 

5.  Failure  in  working  ele- 
ment 

1  ° 

B.    .Problem:  Slip  clutch  not  slipping  under  excessive  load 


Possible  causes 

1.  Stuck  facings 

2.  Improper  spring  tension 

3.  Improper  assembly  x 


OK 

Corrected 

N  Other 
Observations 

i 

V1 

IB 


876 


C. 


u 

t 

• 

J 

* 

J0BSHEET#5 

Proble/i:  Jump  clutch  slipping 

Possible  causes 

OK 

Corrected 

■ ,  Other 
Observations 

1.   Improper  spring  tension 

-  • 

-  2.  "^Worn  ratchet  teeth  j 

3.   Excessive    lubricant   on  -J 
ratchet  teeth 

4.  Dirt  build-up  in  ratchet 
teeth 

5.  Overload  in  working  ele- 
ment' 

6.  Stuck'  working  element 

Problem:  Jump  clutch  not  slipping  under  overload 

-  \ 

'    V  : 

Possible  causes 

OK 

Cqrrected 

Other 
Observajreips 

1.   Improper  spring  tension- 

:  ■  'V  \ 

2.  Frozen  ratchet  due  to 
rust  or  corrosion 

J 

3.   Dirt  preventing  operation 
of  spring  release  or  rat- 
chet 

* 

4.   Internal  shaft  frozen  „to , 
external  shaft  '  ^ 

c  ■ 

E.    Problem:  Shear  pin  continually  Snearifig  off 


Possible  causes 

OK 

.  Corrected 

Other 
Observations 

'               1.  Wrong  shear  pin- or  bolt 

2.  Overload  in  working  ele- 
ment 

•  i       */  * 
F.    Problem:  Shear  pin  not  shearing  When  overloaded 

v         Possible  causes  •   •  /'?//* 

ok 

Corrected 

"  Other 
Observations 

1.  Wrong  shear  f>jri  pr  bolt  *r 

2.   Internal  shafts  frozen  to- 
external  sKatt    .  /•  ^  .  /  . 

SPECIAL  DRIVES 
UNIT  IX« 


NAMEjv  

<  .  TEST 

Match' the  terms  on  the  right  with  their  correct  definitions. 


a.  A  series  of  formed  links,  either  open  or 
closed;  which  can  be  detached'and  are  either 
malleable  cast  iron  or  pressed  steel 


 b.  Made  up  of  alternate  roller  links  and  pin 

links  with  pins  and  free  rolling  bushings 

Jjc!  A  series  of  fist  metal  links,*  with  a  tooth 
•  shape  at  ehch  end,  connected  by  pins  to  form 
a  flexible  continuous  chain 

d.  Distance  from  the  center  of  one  pin  to 
the  center  of  the  next  pin 

e.  Distance  between  one  point  on  a  sprocket 
tooth  and  the  corresponding,  point  on  the 

tooth 

f.  Adjusting  or  positioning  parts  to  bring  into 
line 

 g.  .When  bearings  are  no,t  on  the  same  center 

line  with  good  functional  or  working  limits 

 h.  Inside  diameter 

i.   Outside  diameter 


J. "-Drives  that  change  a-  rotary  motion  to  a 
linear  motion 

_k.  Effort  which  elongates  or 'stretches  a  materia) 

I.  A  belt  of  flat  construction  used  where  pulleys 
art  far  apart  and  high  poweris  nfceded  for  a 
separate  machine 

m.  A  belt  of  V  construction  used  for  driving  light 
~~  .  loads  between  short-ranjge  pulleys;  the  load  is 
carried  on  the  sides  of  the  belt 

_n.  Contact  between  belt  apd  pulley 

_o.  -Slight  loss  of  speed  between  the  drive  and 
driven  pulleys 


1.  ID 

2.  Roller  chain 

3.  Sprocket  pitch 

4.  Detachable-link 
chain  * 

5.  Silent  chain 

6.  Chain  pitch 

7.  Alignment    '  * 

8.  V-belt 

9.  OD 

10.  Reciprocating 
drives 

11.  Flat  belt 

12.  Misalignment 

13.  Tensiah 

14.  Gear  drive 

15.  •  Belt  creep 


p.  The  slight  stretching  of  the  belt  as  it  runs  over       ig  Hydrostatic 
the  pulley  drive 

q.  A  drive  using  fluid  under  pressure  to  transmit 
engine  power  to  \he  driven  unit 

j.  Type  of  drive  in  which  a  system  of  gear  '  , 

arrangements   is   used    to  transmit  power       19'  Displacement 

_s.  The  quantity  of* fluid  a  pump  can  mJk/e 

during  each  revolution     w  ,  - 

t.  Feet  per  minute 


List  three  types  of  chain  drives. 


b. 

c. 


Complete  the  following  statements  concerning  detachable-link  chains. 

a.  Series  of  formed  links  *  • 

b.   :  ZL  -  

c.  Larger  plain  chains  are  of   ^  s  _  construction 

xi.    ,Low  speed  use 

e.     Open  plain  chains  used  in  _.  


f.     Closed  pintle  chains  used  in 


Select  true  statements  concerning  roller  chajns  by  placing  an  "X  in  the  appropriate 
blanks.  / 

 a.  May  be  installed  in  multiple  strands  for  heavier  loads 

 b.  Have  less  vibration  than  plain  chains 

 c.  Good  for  low  speed  heavy  loads  with  sprockets  close  together 

d.  Made  up  of  pin  bushing  and  roller  for  less  wear 
 e.  T\^o  types  of  roller  chains,  single  pitch  and  double  pitctf 


Select  true  statements  concerning  Silent  chains  by  placing  an  "X"  in  the  appropciate 
blanks.  '  0 

■  v 

 a.  Sprockets  are  similar  to  gears  in  appearance  ^  ,  ■ 

 b.  Quieter  operation  but  more  vibration  ^ 


c.  Can  operate  at  higher  speeds  f  ... 

cL  Some  ' have  links  with  tee{h  on  both  sides  sp  that  over-and-under  drives : 
can  be  t/sed 

e.  Not  used0as  timing  chains 


3,   Complete  the  following  statements  concerning  characteristics  of  detachable-link 
chains.  «  *  .  .  % 

a.  Used  at  speeds  up  to  500  RPM 

b.  Low  in  cost  »    -  "",  *"  ~  f  /  "  ' 

c.  Ideal  for  J  \  work  *4 

d.  Provide  better  wtfar  under  dirty  CQnditions  ^ 

*e.     MallpabJe  cast  trop  cjnain  more  resistant  to  corrosion  than  

».  • 

f.     Pressed  steel  has  lower  initial  cost  .  . 

7,  .Select  true  statements  concerning  characteristics  of  Standard -pitch  roller-chains  by 
placing  an  "X"  in  thfe  appropriate  blanks. 

*  a.  Satisfactory  at  speeds  of  1 00  FPM  to  4500  FPM  depending  on  pitch* 


b*  As  speed  increases  the  pitch  also  increases 


•  c.  May  be  98  to  99  percent  efficient  under  Ideal  conditions  , 
jd.  Oil  bath  lubrication  desired  for  highspeed  drives 

9  «  k 

e.  Sprockets  are  driven  from  only  one  side  of  roller  chain 


8.  Select  true  statements,  cotoqerning  characteristics  of  double  pitch  roller*  chains  by 
placing  an  "X"  in  the  appropriate  blanks, . 


ipeeas  of  V^p  to '60 


a.  ■  Satisfactory  for  small  sprocket  speeds  of  ^p  to '600  RPM 

b.  Simitar  to  standard  pitch  roller  chairs  except  is  half  thS  pitch  of  standard 


9.  Complete  the  flowing  statements  concerning  characteristics  of  silent  chains. 

&.     More  satisfactory  at   -   thi^n  roller  chains 

b.     Have  practically  no  ;  » 


<y   Most  commonly  usecLin  .final  drives  of  tractors  and  transfer  cases  for  four  wheel 
drive^yehicles*  ;  4 


•  ft 


10.  Complete  the  following  statements^oncerning  principles  of  chain  drives. 

a,  '  'Chain 'drives  consist  of  one  or  more  sprockets  and  an  endless  chain 

b.  The  links  of  the  chaw  mesh  with  the  teeth  of  the  sprocket  and  maintain  a  con- 
stant speed  ratio  between  


c.  Sprockets  on  the' same  side  of  a  chain  turn  in  the  same  direction 

d.  Sprockets  on  the  opposite  side  of  the  chain  turn  in  opposite  direction 

■  e.     Sprockets  should  always  be  no  smaller  than   to 

*    prevent  excessive  wear     '  . 

f.     If  the  chain  has  even  number  of  pitches,  the,  sprockets  have  to  have  an  odd 
number  of  teeth  or  vice  versa 

*  g.     The  smaller.the  sprocket,  the  _]  ^  wear  on  chain  and  sprocket 

11.  Select  true  statements  concerning  the  alignment  of  sprocket  shafts  and  sprockets  by 
placing  an  "X"  in  the  appropriate  blanks. 

 a.  Level  each  shaft  with  machinist ls  level  or  protractor 

b.  Align  all  shafts  perpendicular  to  eacrKother  by  making  sure  the  distance 
-    between  the  shafts  is,#qual  on  both  sides  ofthe  sprockets 

w  *  >  7 

'        .  c.  Align  "sprockets  with  .straight  edge  on  the  finished  surfaces  on  the  sides 
of  the  sprockets 

12.  Select  true  statements  concerning  adjustment  of  chain  tension  bV  placing  an  "X"  in 

the  appropriate  blanks.  -  0 

•  i  ' ' 

'    a.  Horizontal  and  inclined  drives  should  have  slack  on 'both  sides 


 b.  Vertical  drives,  and  shock  loading  or  reversible  rotatiofi  drives' chains  should 

be  almost  taut 

13.  Complete  the  following  list  of  methods  of  adjusting  chain  tension, 
a.     Moveable  sprocket  shafts 
*  b. 


c.     Adjustable  shoe 
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1 4.  Identify  parts  of  a  chain  sprocket.. 


J 


Cross  Section 
of  Sprocket 


a. 
b. 
c. 
d. 


e. 
f. 

g. 

h. 


15.  Select  true  statements  concerning  stretched  chain  by  placing  an  "X"  in  the  appropriate 
blanks.  . 

.   a.  Adjuster  has  reached  end  of  travel  ' 

 bx  Chain  begins  to  ride  Qn  the  tips  of  the  sprocket  teeth 


16.  Complete  the  following  statements  concerning  reasons  for  lubrication  of  chains. 

a.  .     Reduces  "  . 

b.  Protects  againsl^orrosion  *  %  ^ 

c.  Prevents   ;   ^ 


d.     Prevents*  seizing  of  "pins  and^bushings 
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1 7.   List  three  methods  of  lubricating  chains. 

a.    *  $  

>b. 


18. .  Select  true  statements  concerning  repair  of  chain  drives  by  placing  an  "X"  in  the 
appropriate  blanks: 


a.  Grind  off  heads  of  link  pins  or  remove  keys 

b.  .  Drive  out  the  two  pins  of  the  link  evenly 

c.  Reverse  sprockets,  if  design  permits 

d.  Do  not  install  new  chain  on  to/orn  sprockets 


e.  New  chain  links  may  be  added  to  worn  chain 


19.  Complete  the  following  statements  concerning  cleaning  chains. 
,a.     Wash  chain  in  cleaning  solvent 
<%b.     2  


c.     Soak  chain  in 


2X 


d.  Hang  chain  to  let  excess  oil  drain  off 
20.  Name  three  types  of  belts. 

a.  '  

b.   1  '   

c.  / 


21.  Name  four  factors  governing  the  ability  of  belts  to  transmit  power; 


a. 
b. 


22.   List  three  fofr^s  of  belt  drive  arrangements, 
a. 


c. 


0 
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23.  Complete  the  following  measurements  of  belt  sections  used  on  combines, 
a.     1/2  X      •      "  .  .  "  * 


\ 


b.  -  21/32  X 

c.  7/8  X 


d.  11/4X 

e.  13/4X 


24.  Select  true  statements  concerning  adjustable  pulleys  by  placing  an  "X"  in  the  appropri- 
ate blanks.,-  •         -        '  ,  _      •\*   \  ',)> 

*  »  ■>  s  „ 

(NOTE:  A  statement  is  true  only  if  all  parts  of  the  statement  ate  true.) 

 a.  Used  to  adjust  belt  tensiop  '  » 

■    b.  Used  to  change  belt  speed 


1)  .  Moving  belt  in  on  drive*  pulley  and  out  on  driven  pulley  increases 

speed  of  driven  pulley  -  \ 

2)  Moving  belt  out  on  drive  pulley  or  in  on  driven  pu lley. decreases  driven 
pulley  speed  *  ' 

25. '  Determine  the  length  of  the  flat  beltJrtthfc  following  illustration. 


Answer: 


2&.  Determine  the  length  of  the  V-belt  in  the  following  illustration. 


V 
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27.  Determine  pulley  sizes  and  speeds  in  the  following  illustration. 


2100  RPM 


\ 


Answers 


28.  Select  true  statements  concerning  belt  tension  by  placirig  an  "X"  in  the  appropriate 
blanks. 

(NOTE':  A  statement  is.true  only  if  all  parts  of  the  statement  are  true.) 

*  ■     ■  ' 

 a.  Result^  of  too  much  tension 


9 
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1)  Broken  belt 

9- 

2)  Burned  spats 

'3)  Excessive  cover  wear 
4)  Overheating  of  belt  and  pulley 
_b.  Results  of  too  little  tension 

1)  Belt  heating  #  • 

2)  Excessive  stretch 

3)  Damage  to  bearings  in  drive  and  driven  units 

4)  Damage  to  pulleys 

_c.  ,  Correct  tension  on  V-belt  - 

1 )  Belt  should  show  springiness  when  hit  with  the  hand 

2)  Belts  should  not  vibrate  like  a  rubber  band 

3)  Properly  adjusted,  a  belt  should  deflect  about  one  thickness  of  the 
belt  at  a  point  midway  between  sheaves 

4)  Belt  should  be  readjusted  after  1  hour  of  operation  and  checked  period- 
ically 


73;  l 
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x    29.  Select  true  statements  concerning  belt  care  and  maintenance  by  placing  an  "X"  in 
the  appropriate  blanks.  ' 

*       .    (NOTE:  A  statement  is  true  only  if  all  parts  of  the  statement  are  true.) 

 a.  Problems  caused  by  oil  an^grease  and  their  solutions 

1 )  Causes  belts  to  become  soft 

2)  Causes  belts  to  slip  •     ,      «  • 

3)  Clean  with  soft  cloth  soaked  in  solvent 
*  •   _b.  Problems  caused  by  heat  over  120°  F 

1)  Belts  may  harden 

2)  Belts  may  crack 

3)  Belts  may  stretch 
.          c.  Matching  of  belts 


1 )  If  one  belt  in  a  set  needs  replaced,  replace  only  that  belt 

2)  Never  use  belts  manufactured  by  different  companies  in  the  same  set 
d.  A  belt  should  seat  1 11  above  or  below  outer  edge  of  sheave 


30.  Complete  the  following  statements  concerning  maintenance  of  pulleys  or  sheaves, 
a.     Worn  sheave  grooves  can  be  caused  by: 

1)  Duft 

i 

2)  Corrosion  from  N   


Shiny  sheave  groove  bottom  can  be  caused  by: 

1)  Wdrn  belt 

2)    •  


3)  Wrong  sheave 

4)  Wrong  belt 

c.     Wobbling  sheaves  can  be  caused  by: 

'  1)   


2)   Bent  sheave 

3}  Worn  or  damaged  shaft  bearings 
4)  Worn  bore  in  sheave 
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31.  Match  types  of  gear  drives  on  th§  right  with  theiruses. 

.  a.    1 )  JJsed  in  screw  jacks  1 ,  Worjn  gears 

2)  Used  in  nr]|chine  feed      -  b.  2.  Bevel  gears 

Jb.    1)   Used -to  change  direction  0  n 

— r   •  3.  Screw  gears 

2)   Used  in  ring  gear  and  pinion 
 c.     1)   Used  in  steering  gears         ,  ' 

2)  Used  in. winch  drives 

A 

3)  Used  in  applications  with  hugh*  * 
speed  input  and  low  speed  ewtput 

32.  Complete  the  following  statements  concerning  methods  of  lubricating  gears. 

a.  Splash  pan,  which  the  gears  run  through 

b.    ;   by  brushing  or  squirting  lubricant  on  gears 

c.  ,  Automatic  lubrication  by   \  \  

d.  .  Forced  lubrication  by  meaps  of  a  pump 

*  \ 

33.  Select  true  statements  concerning  geac  backlash  by  placing  an  "XJI  in  .the  appropriate 
blanks. 

(NOTE:  A  statement  is  true  only  if  all  parts  of  the  statement  are  true.) 

t 

 a.  Too  much  gear  backlash  can  be  caused  by  any  of  the  followinjg: 

♦ 

1)  Worn  gears 

2)  Improper  meshing,of  teeth 

3)  Worn  bearings 

4)  Improper  bearing  adjustment      .  - 

 _b.  Too  much  backlash  results  in  severe  gear  teeth  impact  causing  damage  to 

gear  teeth 

 c.  Gear  backlash  is  adjusted  either  by  shims  or  by  bearing  preload 


d.  Gear  backlash  in  some  cases  is  preset  at  manufacture  toy- gear  and  bearing 
arrangement 


34.  Match  types  of  reciprocating  drives  on  the  right  with  their  characteristics, 
a 


1.  Crankarm  and 
lever  drive 

2.  Cam  drives 

3.  Crankwheel  and 
lever 


X)  Crankwheel    has    lever  mounted  off 
center 

2)  As  'wheel  turns  one  revolution,  lever 
makes  two  strokes ' 

1)  Operates   like  a  crankshaft  and  rod 
assembly  inan  engine  y 

'  2)  I  Has  a  flywheel  or  counterbalance  to     r  v 
-  -  offset  the  inertia  of  the  sudden  changes- 

in  direction 

3)  The  direction  of  the  counterbalance- 
»    '  is  always  the  opposite  of  w  the  pftman 

or  lever 

^  ** 

 c.     1)  Change  rotary  motion  to  reciprocating 

motion  by  use  of  a  cam  and  cam  follow- 
er 

2)  Cam  follower  always  returns  to  same 
starting  point 

K 

3)  Action  may  be  simple . direct  motion,  * 
complicated  motion,, or  delayed  motion  , 

> 

4)  Cam  drives -  may  use  a  spring  load, 

gravity,  or  a  track  to  return  them  to  t 
their  starting  position 

35.,.  Select  trufe  statements  concerning  maintenance  of  reciprocating  drives  by  placing 
an  !JX"  in  the  appropriate  blanks.  * 

~S  (NOTEf  A  statement  is  true  only  if  all  pafts  of  the  statement  are  true.) 

*    \.  Lubrication  is, the  key  to  good  operation  of  all  ^mechanical-drives;  any 
~*  moving  part  that  contacts  another  part  should  be  lub?icated 

b.  Points  of  maintenance  *  ^ 


1)  Bearings  should  be  kept  lubricated  and  checked  for  wear  or  damage 
v  periodically  ~ 

2)  Cam  tpacl^  or  *  cam  surfaces  require  greasing  for  smooth  operation 
and  minimum.wear '  ^ 

3)  Hinged  areas  need  lubrication 

4)  Enclosed  drives  should  have  oil  level  checked  periodically  * 

x5)  Refer  to  machine  operator  ss  manual  for  proper  lubrication  periods 

,  andtype  of  lubricants  *•  •  '  , 
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36.  Match  hydrostatic  drives  on  the  right  with  their  characteristics. 


1 


c. 


Constant  input  speed  gives  constant 
horsepower  and  [torque  at  the*  output 

Input  speed  varies;  output  horsepower 
and  Aspeed  will  vary,  but  torque  will 
remain  the  same 

When  both  pump  and  motor  are  in  this 
arrangement  they  act  as  a  gear  drive 

Pump  output  is  variable',  motor  output 
speed  is  variable  and  torque  output 
is  constant  for  any  given.pressure 

This  type  drive  gives  variable '  speed 
and  constant  torque 

Output  speed  .controlled  by  changing 
the  motor  displacement 

Motor  displacement  decreases;  output 
speed  increases,  and  torque'  decreases 

When  "  balanced,  constant  horsepower 
output  isobtained 

Output  of  both  constant  torque  and 

constant  horsepower  , 

Most  flexible  drive  but  also  is  the  mpst 
difficult  to  control 


1 .  Fixed  displace- 
ment pump  with 
fixed  displace- 
ment motor 

2.  Vgriabl<fd  isplace- 
ment  pump  with, 
fixed  displace- 
ment motor 

3.  Variable  displace- 
ment pufnp  with  ' 
variable  displace- 
ment motor  4 

4.  Fixed  displace- 
ment purtip  with 
variable  displace- 

,  ment  motor 


\     37.  Select  true  statements  concerning  reversing  hydrostatic  drives  by  placing  an  "X" 
in  the  appropriate  blanks. 

 a.  Reversing  output  shaft  of  motor  can  be  done  by  shifting  either  the  pump 

or  motor  swashplates 

j  b.  In  fprward  tl^swashplaje  is  vertical  and  no  oil  is  pumped 

 _c.  In  neutral,  the  swashplate  is  tilted  and  oil  is  pumped  in  one  direction 

\ 

 d,  In -reverse,  the; swashplate Js  tilted  the  opposite  way  and  oil  is  pumped 

the  opposite  direction  reversing  the  motor  output 

38.  Complete  statements  concerning,  maintenance  of  hydrostatic  drives. 

.  a.     Clean  unit  before  removing  components 

1 )  Steam  clean  complete  ar£a  around  component  to  be  worked  on 

2)  Jf  steam  cleaning  is  unavailable  use  a  cleaning' solvent 

3)  Prevent  from  entering  system  when  steam  cleaning 
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b.    Precautions  to  take  before  repairing  pump  or  motor 

1)  Seal  all  lines  and  fittings  with  plastic  bags  or  plugs  as.  lines  are  removed 

s 

2)  Have  a  container  of  clean  solvent  to  yvash*  parts  in 

3)  Have  clean,  dust  free  vtork  area 

,  4)  

i   . 

5)  Have  a  container  of  clean  petroleum  jelly  to  lubricate  surfaces  where  needed 

6)  Have  new  o-rings  and  gaskets  - 

-   7)  :  


39.  Select  trtie  statements  concerning  testing  hydrostatic  drives  by  placing  an  "X"  in 
the  appropriate  blanks. 

 __a.  Test  charging  and  operating  oil  pressures 

b.  Test  for  oil  flow  rate  and  oil  temperature 


 c.  Use  the  proper  test  equipment  and  procedures  as  given  in  the  machine 

technical  manual 

40.  'List  the  functions  of  a  safety  release  mechanism.  * 

a.  .  ,  

b.  :  _ 

41.  Match  types  of  safety  release. mechanisms  on  the  right  with  their  descriptions. 

a.    1)  Installed  in  drive  lin'e  1.  Shear  pin 

2)  Works  by  means  of  friction  discs  and        2.  Slip  clutches 
springs 


3)  Obstruction  in  machine  overcomes  fric- 
tion clutch  facings,  preventing  damage  to 
machine 

4)  Tension  can  be  adjusted  at  the  springs 
b.    1)  Installed  in  drive  line 

2)  Have  ratchet  teeth  and  spring  tension 

1  3)  In  base  of  overload,  the  spring  tension  is 
overcome  and  ratchet  slips,  disengaging 
the  power  train 

4)  Tension  should  be  adjusted  at  spring 

705 


3.  Jurhp  clutches 
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 c.    1 )  Works  on  stress  principle  * 

2)  The  h'arder  the  pin  the  more  force  it 
takes  to  shear 

3)  When  an  obstruction  enters  the  machine,  * 
the  pin  will  shear,  protecting  the  ma- 
chine 

4)  Shear  pins  are  inexpensiye 

5)  When  pin  shears,  the  machine  is  inopera- 
tive until  pin  is  replaced  \  * 

42.  Complete  the  folloyving  statements  concerning  maintenance  of  safety  mechanisms. 

a.  Lubrication  of  safety  mechanisms  \ 

1)  Light  coat  of  oil  on  faces  of  clutches  to  prevent  sticking 

2)  Too  much  oil  causes  slipping  ^ 

si     ;   \   j_ ' 

4)   Lubricate  shafts  where  they  comeWxjether 

b.  Follow  machine  specifications  for  adjustment  of  safety  mechanisms  and  proper  . 


43.  Compute  the  length  of  a  flat  belt. 

44.  Compute  the  length  of  a  V-belt. 
46.  Compute  pulley  size  and  speed. 

46.   Demonstrate  the  ability  to: 

a.  Troubleshoot  chain  drives. 

b.  Troubleshoot  belt  drives. 
Troubleshoot  §ear  drives.  . 

*  <  d.    Troubleshoot  hydrostaticbrives. 
e.     Troubleshoot  safety  mechanisms. 


(NOTE:  If  these  activities-  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor"  when  they  should.be  completed.)  ' 
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1.  a. 

4  •  ; 

e. 

3. 

b. 

2 

f. 

7 

c. 

5 

g- 

12 

■  d. 

6  • 

h. 

1 

2.  a.     Detachable-link  chain 

b.  '*  Roller  chain  , 
c*    Silent  chainv 

3.  b.     Detachable  links 

c.  Ppt\e 
tight  loads 

f.     Heavier  loads 

4.  a,b,  d,e' 

5.  a,  c,  d 

6.  c.     Conveyor  or  elevator 
e.-^Steel  . 

7.  a,c,  d 


SPECIAL  DftlVES 
□NtT  l*X  .  - 

ANSWERS  TO  JEST 
\ 


k. 


-8. 

a 

9. 

a. 

Higher  speeds 

b. 

Sliding  action  N 

10. 

t>.. 

Drive  and  driven  sprockets 

e. 

Ten  teeth 

9- 

More 

'             .  J 

11. 

a,  c 

12. 

b 

13. 

b. 

Adjustable  idler  sprockets 

14. 

a. 
b. 

*  Tootb  height 
Tooth  thickness 

c. 

Tooth  width 

d. 

Point  width 

e. 

Tooth  face 

f. 

Base  circle 

9- 

Pitch  circle  , 

h. 

Outside  circle 

9 

m. 

8 

q- 

16 

10 

n. 

18 

r. 

14 

13 

0. 

17 

s. 

,19 

11 

'  P. 

15 

t. 

20 

7ir 


1&*a,  b 


16. 

a. 

Wear 

b. 

Galling 

17. 

Any  three  of  the  following: 

ar 

Manual  lubrication 

b, 

Drip  lubrication 

c. 

Oil  bath  .lubrication 

d. 

Disc  lubrication 

e. 

Oil  stream  lubrication 

18. 

a, 

b,  c,  d 

19. 

DVain  and  dry  chain 

c. 

Oil 

20. 

Any  three  of  the  following: 

a. 

Flat  belt  ^ 

b. 

V-belt 

c. 

Round  belt 

d. 

Polygrooved  or  ribbed  belt 

21. 

a. 

Tension  of  belt 

b. 

Friction  of  belt  to  pulley 

c. 

Speec^of  belt 

d. 

Belt  wrap  on  pulley 

22.  .  Any  three  of  the  following: 


a. 

Open 

b.. 

Turned 

c. 

Crossed 

d. 

Serpentine 

e. 

Mule 

23. 

a. 

5/16 

b. 

13/32 

c. 

17/32 

d. 

3/4 

e. 

25/32 

24. 

a 

25. 

41" 

1 

26. 

30,125" 

27. 

600  RPM 

28. 

c 

\  - 
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29. 

a,b 

30. 

a.  - 

Moisture  and  chemi 

b.  m 

Worn  sheave. 

c. 

Bent  shaft 

t 

a. 

b. 

2 

• 

c. 

1~ 

32. 

b. 

Hand  lubrication 

c. 

Drip  oiler 

33. 

a,  b, 

c,d 

34.- 

a. 

3 

b. 

1 

c. 

2    ;  ' 

35. 

a  b 

• 

36 

a. 

1 

b. 

2 

c. 

d. 

% 

37. 

a,d 

38. 

a. 

3).  Water 

v.. 


b.      4)  Have  a  container  of  clean  transmission  fluid  to  lubricate  parts  as  they  are 
assembled  • 

7)  Have  new  or  clean  oil  foc-system 

39.  a,  b,  c  v  .  , 

M  ■ 

40.  a.'  Relieves  shock  on  the  power  source 
b.     Protects  machine  doing  the  work 

41'.  a.     2    .  • 
b.  3 

•  c.     1  *  . 

42.  a.     Lubricate,  springs 

b.     Shear  pins  ^ 
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43.  Evaluated  to  the  satisfaction  of  the  instructor 

44.  Evaluated  to  the  satisfaction  of  the  instructor  ,  ♦ 

45.  Evaluated  to  the  satisfaction  of  the  instructor   '       .  . 

46.  Performance  skills'evaluated  to  the  satisfaction  of  the  instructor 


V 


